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ABSTRACT

Seven holes were drilled and wells (H-19b0, H-19b2, H-19b3, H-19b4, H-19b5, H-19b6, and
H-19b7) were constructed on the H-19 hydropad to conduct field activities in support of the

Culebra Transport Program. These wells were drilled and completed on the Waste Ikolation Pilot
Plant (WIPP) site during February to September 1995. An eighth hole, H-19bl, was drilled but
had to be abandoned before the target depth was reached because of adverse hole conditions.

The geologic units penetrated at the H-19 location- include stilcial deposits of Holocene age,
rocks from the Dockum Group of Upper Triassic age, the Dewey Lake Redbeds, and Rustler
Formation of the Permian age. The Rustler Fo&ation has been further divided into five informal
members which include the Forty-niner Member, Magenta Member, Tamarisk Member, Culebra
Dolomite Member, and an unnamed lower member.

. .

The Rustler Formation, particularly the Culebra Dolomite Member, is considered critical for
hydrologic site characterization. The Culebra is the most transmissive saturated unit above the
WiPP repository and, as such, is considered to be the most likely pathway for radionuclide
transport to the accessible environment in the unlikely event the repository is breached. Seven
cores from the Culebra were recovered during drilling activities at the H-19 hydropad and
detailed descriptions of these cores were made. On the basis of geoio&’ descriptions, four

hydrostratigraphic units were identified in the Culebra cores and were correlated with the
mapping units from the WFP air intake shaft. The entire length of H-19bl was cored and was
described in detail.

During coring of H-19bl, moisture was encountered in the upper part of the Dewey Lake
Redbeds. A 41-ft-thick section of this core was selected for detailed description to qualify the
geologic conditions related to perched water in the upper Dewey Lake. In addition to cuttings
and core, a suite of geophysical logs run on the drillholes was used to identify and correlate
different Iithologies among the seven wells.
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1. INTRODUCTION

This report presents data collected during the drilling and construction of seven wells
(H-19b0, H-19b2, H-19b3, H-19b4, H-19b5, H-19b6, and H-19b7) on the H-19 hydropad at the
Waste Isolation Pilot Plant (WIPP) site. Information obtained from an eighth drillhole that had
to be abandoned, H-19bl, is also presented. The activities described herein were conducted
between February and September 1995. Basic geologic, drilling, and well-construction data are

presented in Section 2. Detailed geologic descriptions of the core collected are presented with
other geologic data in Section 3. Included in appendices are the Field Operations Plan, pertinent
memorand~ abridged hole histories, the well survey plat, well permits and records, the
archeological clearance report for the site, and a list of the geophysical logs run by the Water
Resources Division of the U.S. Geological Survey. Following the format of other basic data
reports for WIPP drillholes, selected sections of this report are by different authors.

1.1 Purpose of WIPP

The WIPP is a U.S. Department of Energy (DOE) research and development facility
designed to demonstrate the safe disposal of transuranic wastes resulting from the defense

programs of the United States. The WIPP site is in eastern Eddy County, about 25 miles east of
Carlsbad, New Mexico (Figure l-l). The WIPP repository is excavated at a depth of
approximately 2150 ft in bedded halite of the Permian-age Salado Formation. At the WIPP site,
the Salado Formation is approximately 2000 ft thick and is overlain by the Permian-age Rustler
Formation, which is about 300 ft thick (Figure 1-2).

Sandia National Laboratories (SNL), as scientific advisor to the DOE, supports the WIPP
project through site characterization, including continuing evaluation of the geologic and
hydrologic processes that may affect the WIPP site now and in the future.

1.2 Purpose of the Drillholes at the H-19 Hydropad. . .
The Rustler Formation, particularly the Culebra Dolomite Member, is considered critical

for hydrologic site characterization. The Culebra is the most transmissive saturated unit above

the WIPP repository and, as such, is considered to be the most likely pathway for radionuclide

transport to the accessible environment in the unlikely event the repository is breached.

Evaluation of WfPP’s compliance with 40 CFR 191B by the WIPP Performance
Assessment Department at SNL relies on a model of radionuclide transport through the Culebra.
Modeling of transport through the Culebra requires, f~st, a conceptual model of the mechanisms
and processes that govern the transport and, second, quantitative estimates of the parameters
required for numerical simulation of those processes. The Culebra Transport Program was
developed to provide the data necessruy to construct a model for Culebra transport.

Field tracer tests are one component of the Culebra Transport Program. Tracer tests
provide data with which to evaluate different processes affecting transport and to quantify
transport parameters. Interpretations of previous tracer tests at the Wll?P site indicated that the
Culebra behaved locally as a double-porosity medium in which advective flow occurs through
fractures while diffision of solutes from the fractures to the surrounding rock matrix acts to
retard solute transport. The seven boreholes in this program were drilled and completed to
provide a group of test wells in which to conduct tracer tests to enhance our knowledge of the
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parameters needed for performance assessment calculations. Construction of this “suite” of test
wells also provided site-specific geologic and geophysical data and core samples from the ‘
Culebra for laboratory analyses. Detailed hydraulic tests were also conducted. The drilling and

well-construction activities reported herein were performed following the Field Operations Plan

(FOP) by Saulnier and Beauheim (1995), reprinted in Appendix A. The governing Quality
Assurance program is described in the Memorandum of Record documenting modifications to
the FOP al;o reprinted in Appendix A.
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Approximate
System Series Group Formation Member Thickness*

(m ft)
Recent Recent Surficial Deposits 3 10

2uaternary Pleistocene
Mescalero Caliche ‘-------- -------

10 30
Gatufia

Triassic Dockum Undivided 3 10

Dewey Lake

Redbeds
150 500

Forty-niner 18 60

Magenta 7 24
c
a

Rustler Tamarisk 26 85

0 Culebra Dolomite 7 24
c
()

unnamed 37 120

0
Salado

600 2000
s
a.-

E
; Castile 400 1300

n . .

c.-
$ Bell Canyon 310 1000

ii
s
s

“g o
---- ----

2
3 Cherry

a)
335 1100

u Canyon
a 2
s 3

---- ----

0 ; Brushy
(1) Canyon 550 1800

Q

*At center of WIPP site.

mm K-38-I

Figure 1-2. Stratigraphic units at the WIPP site.
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2. GEOLOGIC AND CONSTRUCTION DATA

The H-19 hydropad comprises seven test wells (H-19b0 through H-19b7), drilled to

gather site-specific geologic and geophysical information and to provide a test pad on which to
conduct hydraulic and tracer tests. These holes were drilled on a “hydropad” that is located
southeast of the WIPP surface facilities between the H-3 hydropad and observation well DOE-1

(Figure 2-l). Originally to be the central well for the tracer test, H-19bl had to be abandoned
because of “stuck” tools lost during drilling and was replaced by H-19b0. The relative
geographic positions of the seven wells at H-19 are shown in Figure 2-2. The target geologic
unit that these tests were to investigate was the Culebra Dolomite Member of the Permian
Rustler Formation.

Drilling and coring of these seven wells were accomplished from February 13 to

September 6, 1995, on behalf of the U.S. Department of Energy (DOE). Technical direction and
supervision of the drilling operations were provided by Sandia National Laboratories (SNL),
Core support and core descriptions were provided by INTERA kc. and by Robert M. Holt~

All measurements related to the H-19 drillholes are reported in inch-pound units. These
units are used to facilitate the comparison of original measurements by surveyors to establish the
geographic coordinates of the drillholes, by drillers reporting sample and core depths, and by

geophysical loggers in recording inhole variations in rock properties versus depth. When metric
equivalents of the inch-pound units are needed, use the following conversion factors.

To obtain metric unit multiply English unit by

meter (m) foot (ft) 0.3048

millimeter (mm) inch (in) “ 25.4

centimeter (cm) inch (in) 2.54

kilometer (km) mile (mi) 1.6093

kilogram (kg) pound (lb) 0.454

5
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Conventional rotary-drilling procedures and saturated sodium chloride brine and salt gel
were used to drill the upper pmt of all of the drillholes at the H-19 hydropad except H-19bl from
below the surface casing to a depth just above the target horizon. After a hole was cased,
continuous wireline coring was conducted from below the casing to the totaI depth of the hole
using either compressed air or a coring water pumped from the Culebra at either H-19b0 or a
nearby well, WQSP-4. The interval cored in each of the H-19 drillholes except H-19bl included
the Culebra Dolomite Member of the Rustler Formation, which was the target geologic formation
for the tracer testing. In H-19bl continuous wireline coring was conducted from below the
surface casing to the projected casing depth. Compressed air/mist was used to core all but the
last 81 ft, which were cored with a saturated brine circulation fluid.

After completion of the well, a suite of geophysical logs was run by the Water Resources
Division of the U.S. Geological Survey (USGS). The suite generally included (1) a natural
gamma ray curve that records variations in the distribution of naturally occurring radioactive
elements, (2) a neutron curve that records variations in the distribution of hydrogen, (3) a
gamma-gamma density curve that records variations in rock density, and (4) a caliper log that
measures the variations in the diameter of the drillhole. Appendix D lists the logs run in each
hole.

The core was cleaned, measured, photographed, and described at the drill site by
personnel from SNL, INTERA kc., and DOE. (Section 3 of this report contains a detailed core
description.) The core was then boxed and transported to the Core Library on the WIPP site,
where it was signed over to Westinghouse personnel for recording and storage. Official

photographs of the core were taken by SNL personnel.

Lithology and stratigraphy are discussed by geologic section. The geologic section in each
of the drillholes at the H-19 hydropad included continental sediments of Quatemary and Triassic
age and marine redbeds and evaporates of Late Permian age. The rock units are summarized for.
each drillhole in Tables 2-3,2-6,2-9,2-12,2-15, 2-18,2-21, and 2-24.

Each drMhole, spudded in driIl pad material (packed caliche), usually penetrated several

ft of drill pad caliche, then several tens of ft of Holocene and Pleistocene deposits consisting of
dune sand and Mescalero caliche. Below these deposits, the hole penetrated undifferentiated
rocks of the Dockum Group of Late Triassic age.

Underlying the Triassic rocks, the Dewey Lake Redbeds consist of a thick sequence of
dark-reddish-brown siltstone that contains sandstones and especially claystones interspersed at
irregular intervals. The rock also contains grayish-green blebs and streaks resulting from the
reduction of iron-bearing minerals. The lower two-thirds are distinguished by gypsurn/anhydrite
cement and gypsum-ftied fractures, while the upper third is weakly cemented with carbonate and
contains open fractures. These redbeds are the uppermost rocks of Late Permian age in the
Delaware Basin.

The Rustler Formation underlies the Dewey Lake Redbeds and is divided into five
members (from top to bottom): (1) Forty-niner Membe~ (2) Magenta Membeq (3) Tamarisk
Membeq (4) Culebra Dolomite Membeq and (5) an unnamed Iower member. The Rustler
Formation is also Late Permian in age.

8



The Forty-niner Member usually consists of two anhydrite or gypsum beds, or

combinations of these separated by a claystone unit. Interpreting the lithology from cuttings,
core from adjacent holes, and geophysical logs, the Forty-niner at the H-19 hydropad appears to
be quite typicaI. The geophysical logs indicate that these units are predominantly anhydrite with

some gypsum.

The Magenta Member, usually about 26 ft thick, underlies the Forty-niner Member.
Again based on cuttings, core from adjacent holes, and geophysical logs, the lithology of the
Magent~ a gypsiferous dolomite, is typicaI of other locations.

Underlying the Magenta is the Tamarisk Member. As identiled in cuttings and core, the

Tamarisk Member consists predominantly of upper and lower units of anhydrite and gypsum
separated by relatively thin beds of siltstone and claystone.

The Culebra Dolomite Member, which underlies the Tamarisk Member, is usually about
24 ft thick. The Culebra commonly consists of clayey dolomite that is light-olive-gray to
moderate-yellowish-brown in color. Numerous vugs, generally less than 1 mm in diameter,
occur near the top and bottom of the member, but the central part of the member contains vugs as
large as 5 mm. The rock is highly fractured in the central part, and only a few of the fractures

are heaIed with gypsum (Section 3 contains a detailed Mhologic description of the core).

Below the Culebra Dolomite Member is an unnamed lower member, which was
penetrated only in its uppermost section. The part of this unit that was cored consists of black,
plastic clay and reddish-brown clay containing selenite crystals and gypsum nodules, gypsum,
and anhydrite.

2.1 Drillhole H-19b0

Drillhole H-19b0 is located in Eddy County, New Mexico; 1484.4 ft from the South line
(FSL) and 2460.4 ft from the West line (FWL) of section 28, Township 22 South, Range 31 East,
at a surface elevation of 3417.11 ft above mean sea level (AMSL). H-19b0 is a replacement hole

for H-19bl that was abandoned because of unrecoverable drill tools that were stuck in the hole.

Figure 2-2 illustrates the location of drillhole H-19b0 in relation to the other drillholes on the
H-19 hydropad. Table 2-1 includes the abridged hole history. Table 2-2 and Figure 2-3 show the
well-completion records and the final “as-built” conditions of the H-19b0 well, respectively.

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel
were used to drill the upper part of the drillhole from 38 ft (below the surface casing) to a depth
of 735.5 ft (casing depth). After the hole was cased, continuous wireline coring was conducted
from 740.8 ft to 778.7 ft (total depth of the hole) using water pumped from the Culebra at
WQSP-4 as the circulation fluid. The interval cored in H-19b0 drillhole includes the Culebra
Dolomite Member of the Rustler Formation, which was the target geologic formation for the
tracer testing.

Table 2-3 summarizes the Mhology and stratigraphy, including depth intervals, that were
encountered in drillhole H-19b0.

9
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Table 2-1. Abridged History of Drillhole H-19b0

LOCATION Section 28, T. 22 S., R. 31 E. 1484.4 ft from South line and 2460.4 ft from
West line

ALTITUDE: 3417.11 ft (AMSL). Datum for depth measurements in drilling and logging
operations.

LOGS PREPARED BY: Robert M. Holt, New Mexico Tec~ Jessie B. Dengate, INTEIL4 Inc.

DRILLING CONTRACTOR Water Development Corporation, Woodland, California

DRILLING RECORD:

Augered 24-inch hole to 38 ft, 40 ft of 20-inch OD surface pipe set.

Commenced drilling March 28,1995.

Drilled 12.25-inch hole fi-om 38 ft to 728 ft.

Reamed 12.25-inch hole to 14.75 inches to 735.5 ft.

Set and cemented 9.625-inch OD fiberglass casing to 731.9 ft.

Drilled out cement and shoe to 740.8 ft.

Cut 5.875-inch core from 740.8 ft to 778.7 ft.

Completed drilling operations April 23,1995.

Core Depth Interval (ft) Interval (ft) Recovered
No. from to cored recovered (%)

1 740.8 – 745.8 5.0 5.0 100.0

2 745.8 - 750.8 5.0 5.0 100.0

3 750.8 – 755.8 5.0 5.0 100.0

4 755.8 - 760.8 5.0 4.6 92.0

. -J.8 – 765.2 4.4 3.6 82.0

765.2 – 770.2 5.0 0.0 0

t

770.2 – 773.7 3.5 4.4 126.0*

I 8 773.7 – 778.7 4.0 4.9 123.0*

*Excesscoreprobablyfrompreviousrun.

H=5 76(

6
7
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Table2-2. SummaryofDrilling and Well Completion Records
of Hydrologic DriUhole H-19b0

NOTE: All depths recorded are in ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b0 (replacement hole for H-19bl)

LOCATION: Section 28, Township 22 South, Range 31 East

SURFACE COORDINATES: The well is located 1484.4 ft from the South line and 2460.4 ft
from the West line of Section 28.

ELEVATION All depths are reported below ground level (EGL) which is 3417.11 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing that is 3417.49 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling March 28, 1995; completed drilling activities
April 23, 1995.

CirculationFluid: Drilled with saturated sodium chloride brine water with salt
gel to casing point at a depth of 735.5 ft. After casing was set, cemented, and
drilled out the drilling fluid was changed over to Culebra water pumped from
WQSP-4. Culebra water was used to core aud ream the Culebra in H-19b0.

Cored Interval: 5.875-inch core was taken from 740.8 ft to 778.7 ft.

Rig and Drilling Contractor: Dresser T70W, Water Development
Corporation, Woodland, California.

DriUhole Record:
. from

(:CYM) (ft)” &

I 24 I o I 38 I

14.75 38 735.5,

7.75 735.5 778.7 ‘Ill

Casing Record:

Size Weight/foot from
- (inches) (pounds) (ft) :)

20 53 (IHO steel) o 38

9.12 8.7 (Centron o 731.9*
DHC-350)
(Fiberglass)

* 7.75-inch open hole from 735.5 ?3to 778.7 ft.

11



Top of Casing ~-19b0
3418.4 ft SIKil

Ground Surface

Dewey Lake Redbeds

3417.1 ft arnsl .

Holocene Deposits
28 ,

/
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Dockum Group

/

/

/
/

.
/
/

t“ i

.

[‘ ;

. /..

L~
740.1’

Forty-niner Member

628

Magenta Member

652

Tamarfsk Member

Culebra Dolomite Member

764.4*

unnamed lower member
—

Total Depth
778.7

iberglass Well Casing

CENTRON DHC-350 I
ID 8.420’ I

J&&id

/
( 20’,53 lb/ft Conductor Casing/ .

?

.

/ .

/-

% Cement Grout
.

14.75” Borehole
.

,

/ .

-. 7731 .8-BOttOm of 9.625” Casing Shoe

+_735.Hotiom of ,4.7,. ~o,e

r 7.75’ Open Hole

Salado Formation

Notes
All depths are in approximate feet below ground surface;
~) indicates formation depths taken from core. All other connation depths from geophysical logs.
(?) in~cates “n~e~n$r.

Drawing not to scale.

-I-RI-M15-s85-0

Figure 2-3. As-built conditions of hydrologic drillhole H-19b0.
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Table 2-3. Stratigraphic Summary of Drillhole H-19b0—-

ROCK UNIT DEPTH INTERVAL (ft)*
uatemaryDeposits

Holocene Deposits** O-28

pper Triassic Rocks

Dockum Group (undifferentiated) 28–53?

pper Permian Rocks

Dewey Lake Redbeds 53?–567

Rustler Formation 567–?

Forty-niner Member 567-628

Magenta Member 628-652

Tamarisk Member 652–740.1

Culebra Dolomite Member 740.1–764.4

unnamed lower member 764.4-?
.. . . . .-.. .- . . .

—
“ JJeptnIntervalsrecorded Irom cuttings, cores, and geophysical logs.

** Includes dune sand and caliche.

2.2 Drillhole H-19bl

Drillhole H-19bl is located in Eddy County, New Mexico, 1535.0 ft from the South line
(FSL) and 2460.8 ft from the West line (FWL) of section 28, Township 22 South, Range 31 East,
at a surface elevation of 3417.43 ft above mean sea level (AMSL). Drillhole H-19bl was
abandoned when drill tools were stuck in the hole; H-19b0 replaced H-19b 1. Table 2-4 provides
the abridged hole history of H-19bl and Figure 2-3 shows the location of the abandoned drillhole
in relation to the other holes drilled on the-H-19 hydropad.

Continuous wireline coring was conducted from 38 ft (just beIow the surface casing) to a

depth of 732.6 h (projected casing depth). Compressed air/air mist was used to core from 38 ft

to 651.6 fi, the coring fluid was changed to saturated brine horn 651.6 ft to 732.6 fi. Following
coring, the hole was reamed from 4.835 inches to 12.25 inches from 38 ft to 658 ft, where a tool
joint broke and the drill tools became stuck in the hole. Numerous attempts at retrieving the
tools were unsuccessful, and H-19bl was abandoned. Subsequently, H-19b0 became the

replacement hole.

A suite of geophysical logs (Appendix D) was run by the Water Resources Division of
the U.S. Geological Survey after coring the hole. The I.ithology and stratigraphy, including depth
intervals, that were encountered in drillhole H-19bl are summarized in Table 2-5. Table 2-6
provides a stratigraphic summary of the drillhole. See Section 3.2 of this report for a detailed
lithologic description of the core taken from H-19bl.

13
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Table 2-4. Abridged Historj of Drillhole H-19bl
LOCATION Section 28, T. 22 S., R.31 E. 1535.0 R,from South line and 2460.8 R from

West line

ALTITUDE: 3417.43 ft (AMSL). Datum for depth measurements in drilling and logging
operations.

LOGS PREPARED BY: Robert M. HoIt, New Mexico Tech; Jessie B. Dengate, INTERA Inc.

DRILLING CONTRACTOR Water Development Corporation, Woodland, California

DRILLING RECORD:

Augered 24-inch hole to 38 ft, 40 ft of 20-inch OD surface pipe set.

Commenced drilling February 14, 1995.

Cut 3.345-inch core by wireline method from 38 ft to 732.6 ft.

Reamed 4.835-inch hole to 12.25 inches from 38 ft to 658 ft.

Tool joint broke during reaming and lost tools from 573 ft to 658 ft.

Numerous attempts at tool retrieval were unsuccessful.

Hole abandoned March 19,1995.

Core Depth lhterwd (ft) Interval(ft) Recovered
No. from to cored recovered (%)

1 36.8 - 41.8 5.0 5.0 100.0

2 41.8 – 46.8 5.0 5.0 100.0
3 46.8 – 51.8 5.0 5.0 100.0
4 51.8 – 56.8 5.0 4.9 98.0

5 56.8 – 61.6 4.8 4.8 100.0
6 61.6 – 66.6 5.0 4.3 86.0
7 66.6 – 71.6 5.0 4.9 98.0
8 71.6 – 76.6 5.0 5.0 100.0
9 76.6 – 81.6 5.0 5.0 100.0
10 81.6 – 86.6 5.0 4.9 98.0
11 86.6 – 91.6 5.0 5.0 100.0

12 91.6 – 96.6 5.0 5.0 100.0
13 96.6 – 101.6 5.0 5.0 100.0
14 101.6 – 106.6 5.0 4.5 90.0
15 106.6 – 111.6 5.0 4.8 96.0
16 111.6 – 116.6 5.0 5.0 100.0

17 116.6 – 121.6 5.0 4.5 90.0

18 121.6 - 126.6 5.0 4.9 98.0

19 126.6 - 131.6 5.0 5.0 100.0

20 131.6 – 136.6 5.0 ‘ 5.0 100.0
21 136.6 – 141.6 5.0 5.0 100.0
22 141.6 – 146.6 5.0 4.9 98.0

14



Table 2-4. Abridged History of Drillhole H-19bl (continued)

Core Depth Interval (ft) Interval (ft) Recovered
No. from to cored recovered (%)
23 146.6 - 151.6 5.0 5.0 100.0

24 151.6 - 15A6 5(-) AC) Q

I 25 I 156.6 – 1

03.0 5.0 5.0 100.0
ml(-) I 50 I 50 I lnnn

-v.- -.” T., 38.0
6L6 5.0 5.0 100.0

26 161.6 - 164.0 2.4 2.4 100.0

27 164.0 – 169.0 5.0 4.8 96.0
28 169.0 – 174.0 5.0 5.0 100.0
29 174.0 – 179.0 5.0 5.0 100.0
30 179.0 – 184.0 5.0 2.2 44.0
31 184.0 - 188.0 4.0 2.7 68.0
32 188.0 – 193.0 5.0 4.0 80.0
33 193.0 – 198.0 5.0 4.4 88.0
34 198.0 – 2(
35 203.0 - 2t--- --- --- -.....”,
36 208.0 – 213.0 5.0 5.0 100.0:
37 213.0 – 218.0 5.0 5.0 100.0:
38 218.0 – 223.0 5.0 5.0 100.0’
39 223.0 – 228.0
40 228.0 – 233.0 --- --- -----
41 233.0 – 238.0 5.0 5.0 100.0’
42 238.0 - 243.0 5.0 5.0 100.0,

43 243.0 - 248.0 5.0 5.0 100.0

44 248.0 – 253.0 5.0 4.9 98.0
45 253.0 – 258.0 5.0 5.0 100.0
46 258.0 – 2t___ I

47 263.0 – 268.0

5.0 5.0 I 100.0
5.(-I I s.n Inn n’

---- .,,. ...> .,.,” ., -,.. _ ,, ,.* .. . _... ,

63.0 I 5.0 I 5.0 I 100.0 I
5.0 5.0 100.0
S.n I sn I lnnn I48 268.0 – 273.0 --- --- ... .,.”

49 273.0 – 278.0 5.0 5.0 100.0
50 278.0 - 283.0 5.0 5.0 100.0
51 283.0 – 288.0 5.0 5.0 . 100.0
52 288.0 – 293.0 5.0 5.0 100.0
53 293.0 – 298.0 5.0 5.0 100.0 ‘
54 298.0 – 303.0 5.0 5.0 100.0
55 303.0 - 308.0 5.0 5.0 100.0
56 308.0 – 31:3.0 5.0 5.0 100.0

8.0 I 5.0 5.0 100.057 313.0 – 3it-
58 318.0 – 323.0 5.0 5.0 100.0
59 323.0 – 328.0 5.0 5.0 100.0
60 328.0 – 333.0 5.0 5.0 100.0
61 333.0 – 338.0 5.0 5.0 100.0
62 338.0 – 343.0 5.0 5.0 100.0
63 343.0 – 348.0 5.0 5.0 100.0

15
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Table2-4. Abridged History of DriUhole H-19bl (continued)

Core DepthInterval (ft) Interval (ft) Recovered
No. from to cored recovered (%)
64 348.0 – 353.0 5.0 5.0 100.0
65 353.0 - 358.0 5.0 5.0 100.0
66 358.0 – 363.0 5.0 5.0 100.0
67 363.0 – 368.0 5.0 5.0 100.0
68 368.0 – 373.0 5.0 5.0 100.0
69 373.0 - 378.0 5.0 5.0 100.0

70 378.0 – 383.0 5.0 5.0 100.0
71 383.0 – 388.0 5.0 5.0 100.0
72 388.0 – 393.0 5.0 5.0 100.0
73 393.0 – 398.0 5.0 5.0 100.0
74 398.0 – 403.0 5.0 5.0 100.0

75 403.0 – 408.0 5.0 5.0 100.0
76 408.0 – 413.0 5.0 5.0 100.0

77 413.0 – 418.0 5.0 5.0 100.0
78 418.0 – 423.0 5.0 5.0 100.0
79 423.0 – 428.0 5.0 5.0 100.0
80 428.0 – 433.0 5.0 5.0 100.0

81 433.0 - 438.0 5.0 5.0 100.0

82 438.0 - 443.0 5.0 5.0 100.0
83 443.0 – 448.0 5.0 5.0 100.0
84 448.0 – 453.0 5.0 5.0 100.0
85 453.0 – 458.0 5.0 5.0 100.0
86 458.0 – 463.0 5.0 5.0 100.0
87 463.0 – 468.0 5.0 5.0 100.0
88 468.0 – 473.0 5.0 5.0 100.0
89 473.0 – 478.0 . 5.0 5.0 100.0

90 478.0 – 483.0 5.0 5.0 100.0
91 483.0 – 488.0 5.0 5.0 100.0
92 488.0 – 493.0 5.0 5.0 100.0
93 493.0 – 498.0 5.0 5.0 100.0

94 498.0 – 503.0 5.0 5.0 100.0
95 503.0 – 508.0 5.0 5.0 100.0
96 508.0 – 513.0 5.0 5.0 100.0

97 513.0 – 518.0 5.0 5.0 100.0

98 518.0 – 523.0 5.0 5.0 100.0

99 523.0 – 528.0 5.0 5.0 100.0

100 528.0 - 533.0 5.0 5.0 100.0

101 533.0 – 538.0 5.0 5.0 100.0
102 538.0 – 543.0 5.0 5.0 100.0

103 543.0 - 548.0 5.0 5.0 100.0
104 548.0 – 553.0 5.0 5.0 100.0
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Table 2-4. Abridged History of DriUhole H-19bl (continued)

Core Depth Interval (ft) Interval(ft) Recovered
No. from to cored recovered (%)

105 553.0 - 558.0 5.0 5.0 100.0 ‘
106 558.0 – 563.0 5.0 5.0 100.0
107 563.0 – 568.0 5.0 5.0 100.0

108 568.0 - 573.0 5.0 5.0 100.0
109 573.0 – 578.0 5.0 5.0 100.0
110 578.0 – 583.0 5.0 5.0 100.0
111 583.0 – 588.0 5.0 5.0 100.0
112 588.0 - 593.0 5.0 5.0 100.0
113 593.0 – 598.0 5.0 5.0 100.0
114 598.0 - 603.0 5.0 2.5 50.0
115 603.0 – 608.0 5.0 5.0 100.0
116 608.0 - 613.0 5.0 5.0 100.0
117 613.0 – 618.0 5.0 5.0 100.0,
118 618.0 – 623.0 5.0 5.0 100.0
119 623.0 – 628.0 5.0 5.0 100.0
120 628.0 – 633.0 5.0 4.4 88.0
121 633.0 – 638.0 5.0 2.2 44.0-
122 638.0 – 642.6 4.6 4.6 100.0

123 642.6 - 647.6 5.0 5.0 100.0

124 647.6 - 651.6 4.0 4.0 100.0

125 651.6 – 654.6 3.0 2.8 93.0
126 654.6 – 659.6 5.0 4.8 96.(i
127 659.6 – 664.6 5.0 5.0 100.0
128 664.6 – 669.6 5.0 5.0 100.0
129 669.6 - 674.6 5.0 5.0 100.0
130 674.6 – 677.6 3.0 2.9 97.0
131 677.6 – 682.6 5.0 5.0 100.0

132 682.6 - 687.6 5.0 5.0 100.0

133 687.6 - 692.6 5.0 5.0 100.0
134 692.6 – 697.6 5.0 4.8 96.0

I 135 I 697.6 702.6 1 5.0 I 5.0 I 100.0 I

136 702.6 – 707.6 5.0 5.0 100.0

137 707.6 – 712.6 5.0 5.0 100.0

138 712.6 – 717.6 5.0 5.0 100.0
139 717.6 – 722.6 5.0 5.0 100.0
140 722.6 – 727.6 5.0 5.0 100.0

I 141 I 727.6 732.6 I 5.0 I 5.0 I 100.0 I
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Table 2-5. Summary of Drilling and Well Completion Records
of Hydrologic Drillhole H-19bl

NOTE: Alldepths recorded areinftbelow groundlevel.

WELL NAME: Hydrologic Drillhole H-19bl

LOCATION: Section 28, Township 22 South, Range 31 East

SURFACE COORDINATES: The well is located 1535.0 ft from the South Line and 2460.8 ft
from the West Line of Section 28.

ELEVATION: All depths are reported below ground level (BGL) which is 3417.43 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing which is 3417.78 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling February 14, 1995; completed drilling activities
March 19, 1995, when hole was abandoned because of “stuck” tools.

Circulation Fluid Gored with compressed airhir-mist to 651.6 ft and then
changed over to saturated brine and cored to 732.6 ft. Rearned core hole with

saturated brine and salt gel to 658 ft when tool joint broke and tool string was lost.
Fishing was unsuccessful, and the drillhole was abandoned at this point.

Cored Interval: 3.345-inch core was taken ffom 36.8 ft to 732.6 ft.

Rig and Drilling Contractor: Dresser T70W, WaterDevelopment Corporation,
Woodland, California.

Drillhole Record:
Size from

(inches) (ft) &

24 0 38

12.25 38 658-.
4.835 658 732.6 ‘ID

Casing Record
. Weight/foot from

(i~c;w) (pounds) (ft) &

20 53 (H-40 steel) o 38*

* HOle~= ~bmdoned~d pluggedbecausetoolsS~&intheholewerexmtretrievable.

Tools (bi$ stabilizers,andcollars)are locatedin the hole at depths ftom 573 ft to 658 ft.
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Table 2-6. Stratkraphic Summarv of Drillhole H-19bl

ROCK UNIT DEPTH mRVAL (ft)*
Quaternary Deposits

Holocene Deposits** O-28

Upper Triassic Rocks

Dockum Group (undifferentiated) ~ 28–53?

Upper Permian Rocks

Dewey Lake Redbeds 53?–567

Rustler Formation 567–?

Forty-niner Member 567-626.3

Magenta Member 626.3-650.5

Tamarisk Member 650.5–732.6

Culebra Dolomite Member ?_?

unnamed lower member ?_?

* Depth intervalsrecorded from cuttings,cores, and geophysical logs.
** ~cludes dune ~~d ad c~iche+

2.3 DrillholeH-19b2

Drillhole H-19b2 is located in Eddy County, New Mexico, 1434.3 ft from the South line
(FSL) and 2459.6 ft from the West line (FWL) of section 28, Township 22 South, Range 31 East,
at a surface elevation of 3417.13 ft above mean sea level (AMSL). Table 2-7 includes the
abridged hole history. Table 2-8 and Figure 2-4 summarize well-completion records and the
final “as-built” conditions of the H-19b2 well. Figure 2-2 illustrates the location of H-19b2 in
relation to the other drillholes on the H-19 hydropad.

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel
were used to drill from below the surface casing (37 ft) to a depth of 734.0 ft (casing depth).

After casing was set to 732.35 ft, cemented, and drilled out, the drilling fluid was changed to
compressed air, and continuous wireline coring was conducted from 735.5 ft to 764.5 ft. This
interval cored includes the Culebra Dolomite Member of the Rustler Formation. Following
completion of coring, the core hole was reamed, and a “rat hole” was drilled to 785.4 ft (total
depth of hole). To prevent the hole from collapsing in the umamed lower member, a PVC liner
was placed from 765.4 to 785.4 ft.

After the hole was completed, a suite of geophysical logs (Appendix D) was run by the
Water Resources Division of the U.S. Geological Survey. The lithology and stratigraphy,
including depth intervals encountered in drillhole H-19b2, are summarized in Table 2-8. Section
3 of this report provides a detailed description of the core.
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Table 2-7. Abridged History of Drillhole H-19b2

LOCATION: Section 28, T. 22 S., R. 31 E. 1434.3 ft from South line id 2459.6 ft from
West line

ALTITUDE: 3417.13 ft (AMSL). Datum for depth measurements in drilling and logging
operations.

LOGS PREPARED BY: RobertM. Holt, New Mexico Tech; CarlYoung, INTERA Inc.

DRILLING CONTRACTOR WaterDevelopment Corporation,Woodland, California

DRILLING RECORD:

Augered 18-inch hole to 37 ft, 40 ft of 14-inch OD surface pipe set.

Commenced drilling May 10,1995.

Drilled 12.25-inch hole from 37 ft to 734.0 ft.

Set 7-inch fiberglass casing to 732.35 ft and cemented in May 16, 1995.

Cut 3.345-inch core by wireline method from 735.5 ft to 764.5 ft.

Reamed 4.835-inch core hole to 5.875 inches fkom 735.5 ft to 764.5 ft.

Drilled “rat hole” from 764.5 ft to 785.4 ft. “--

Drilling completed May 20, 1995.

Placed 5.5-inch PVC liner from 765.4 ft to 785.4 ft August 27,1995.

Core Depth Interval” Interval (ft) Recovered
No. from to cored recovered (%)

1 735.5 – 740.5 5.0 4.8 96.0 ‘
2 740.5 – 745.5 5.0 5.0 100.0
3 745.5 - 750.5 5.0 5.0 100.0-1

750.5 – 755.5 5.0 4.5 90.0
755.5 “- “ 760.5 5.0 0 0

I I 760.5 - 764.5 -4.0 1.3 33.0l+=4

5
6
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Table 2-8. Surnmary of Drilling and Well Completion Records
of Hydrologic DriUhole H-19b2

NOTE: All depths recorded are in ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b2

LOCATION: Sec 28, Township 22 South, Range 31 East

SURFACE COORDINATES: The well is located 1434.3 ft from the South line and 2459.6 ft
from the West line of Section 28.

ELEVATION AU depths arereportedbelow groundlevel (13GL)which is 3417.13 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing which is 3417.36 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling May 10, 1995; completed drilling activities
May 20, 1995. The drillhole was reworked August 27-28,1995, when a PVC
liner was placed in the hole.

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt
gel to casing point at a depth of 734.0 ft. After casing was se~ cemented, and
drilled out the drilling fluid was changed over to compressed air. Air was used to
core and ream the Culebra in H-19b2.

Cored Interval: 3.345-inch core was taken from 735.5 ft to 764.5 ft.

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation,
Woodland, California

DriUhole Record:

Size from
(inches) (ft) &

. .
18 0 37’

12;25 37 734.0
5.875 734.0’ 785.4 TD

Casing Record:

Size Weight/foot from
(inches) (pounds) (ft) &

14 42 (H-40 steel) o 37
7 5.7 (Centron o 732.35*

DHC-300)
(Fiberglass)

5.5 3.9 (WC) 765.4 785.4
*5.875-inch open hole horn 734 ft to 764 ft.
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Top of Casing ~-19b2
3419.0 ft amsl

Ground Surface
3417.1 ft amsl

Holocene Depos”ti
28

Dockum Group

Dewey Lake Redbeds

Forty+ner Member

628

Magenta Member

Tamansk Member ,.

741 .6*

CulebraDolomite Member

766

unnamed lower member
..

F
18“ Augered Hole

, 14,42 lb/ft Conductor Casing

37

F
‘. Fiberglass Well Casing

n

CENTRON DHG300
ID 6.38”
OD 7.o”

Weight 5.7 Ib/ft

Cement Grout

1-12.25” Borehole

1.

I.. f 732.4-Bottom of T Casing Shoe
.

v 734-Bottom of 12.25- Hole

<5.88’ Open Hole

~ PVC Liner
765.4-785.4

5.5’ OD; 4.88’ ID

Total Depth
785.4

Salado Formation

Note.%
All depths are in approximate feet below ground surface.
~) indicates formation depths taken from core. All other formation depths from geophysical logs.
(?) in~@es uncertainty.
Dram-ng not to scale.

ml-al 15ss&o

Figure 2-4. As-built conditions of hydrologic drillhole H-19b2.
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Table 2-9. Stratigraphic Summary of Drillhole H-19b2

ROCK UNIT DEPTH INTERVAL (ft)*
QuatemaryDeposits

Holocene Deposits** O-28

Upper Triassic Rocks

Dockum Group (undifferentiated) 28–58?

Upper Permian Rocks

DeweyLakeRedbeds 5fJ?-5fj7

Rustler Formation 567–?

Forty-niner Member 567-628

Magenta Member 628-653

Tamarisk Member 653–741.6

Culebra Dolomite Member 741.6-766?

unnamed lower member 766?–?

* Depth intervals recorded from cuttings,cores, and geophysical logs.
** Includes dune sand and caliche.

2.4 Drillhole H-19b3

Drillhole H-19b3 is located in Eddy County, New Mexico, 1509.2 ft from the South line
(FSL) and 2503.9 ft from the West line (FWL) of section 28, Township 22 South, Range 31
East, at a surface elevation of 3417.28 ft above mean sea level (AMSL). Table 2-10 provides the
abridged hole history. Table 2-11 and Figure 2-5 present a summary of the well-completion
records and the final “as-built” conditions of the H- 19b3 well. Figure 2-2 illustrates the location

of H-19b3 in relation to the other drillholes on the H-19 hydropad.

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel
were used to drill from 38 ft (just below the surface casing) to a depth of 734.0 ft (casing depth).
After casing was set to 732.04 ft, cemented, and drilled out, the drilling fluid was changed to
Culebra water pumped from H-19b0, and continuous wireline coring was conducted from 735.3

ft to 768.3 ft. This interval cored includes the tracer test target geologic horizon, the Culebra
Dolomite Member of the Rustler Formation. Following completion of coring, the core hole was
rearned and a “rat hole” was drilled to 784.9 ft (total depth). A PVC liner was placed from 763.2
to 783.2 ft) to prevent the hole from collapsing in the unnamed lower member.

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the
Water Resources Division of the U.S. Geological Survey. The rock units, including depth
intervals, are summarized in Table 2-12. A detailed description of the core is included in
Section 3 of this report.
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Table 2-10. Abridged History of Drillhole H-19b3

LOCATION Section 28, T. 22 S., R. 31 E. 1509.2 ft from South line and 2503.9 ft from
West line

ALTITUDE: 3417.28ft (AMSL). Datum for depth measurements in drilling and logging
operations.

LOGS PREPARED BY RobertM. Holt, New Mexico Tech; CarlYoung, INTERA Inc.

DIULLING CONTRACTOR: WaterDevelopment Corporation,Woodland, California

DRILLING RECORD:

Augered 18-inch hole to 38 ft, 40 ft of 14-inch OD surface pipe set.

Commenced drilling April 24,1995.

Drilled 12.25-inch hole from 38 ft to 734.0 ft.

Set 7-inch fiberglass casing to 732.0 ft and cemented in April 30, 1995.

Cut 3.345-inch core by wireline method from 735.3 ft to 768.3 ft.

Reamed 4.835-inch core hole to 5.875 inches from 735.3 ft to 768.3 ft.

Drilled “rat hole” from 768.3 ft to 784.9 ft (total depth).

Drilling completed May 9,1995.

Placed 5.5-inch PVC liner from 763.2 ft to 783.2 ft August 28,1995.

Core Depth Interval (ft) Interval (ft) Recovered
No. from to cored recovered (%)

1 735.3 – 740.3 5.0 4.7 94.0
2 740.3 – 745.3 5.0 3.4 68.0
3 745.3 – 750.3 5.0 4.9 98.0
4 750.3 – 755.3 5.0 4.3 86.0
5 755.3 – 760.3 5.0 0 0
6 760.3 – 764.3 4.0 0 0
7 764.3 - 766.3 2.0 0 0
8 766.3 – 768.3 2.0 0 0

24



—___ .-

Table 2-11. Summary of Drilling and Well Completion Records
of Hydrologic Drillhole H-19b3

NOTE: All depths recorded arein ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b3

LOCATION Section 28, Township 22 South, Range31 East

SURFACE COORDINATES: The well is located 1509.2 ft from the South line and 2503.9 ft
from the West Line of Section 28.

ELEVATION: All depths are reported below ground level (BGL) which is 3417.28 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing which is 3417.61 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling April 24, 1995, and completed drilling activities
May 9,1995. The drillhole was reworked August 28–29, 1995, when a liner was
placed in the hole.

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt

gel to casing point at a depth of 734.0 ft. After casing was set, cemented, and
drilled out the drilling fluid was changed to Culebra water pumped from H-19b0.
Culebra water was used to core and ream the Culebra in H-19b3.

Cored Interval: 3.345-inch core was taken from 735.3 ft to 768.3 fi.

Rig and Drilling Contractor: DresserT70W, WaterDevelopment Corporation,
Woodland, California.

Drillhole Record:

Size from
(inches) (ft) :).

18 - 0 38

12.25 38 734.0

5.875 734.0 784.9 TD

Casing Record:

Size Weight/foot from
(inches) (pounds) (ft) &

14 42 (H-40 steel) o 38

7 5.7 (Centron o 732;04*
DHC-300)
(Fiberglass)

5.5 3.9 (WC) 763.2 783.2

*5.875-inchopenhole from734 ft to 762 II
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Figure 2-5. As-built conditions of hydrologic drillhole H-19b3.
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Table 2-12. Stratigraphic Summary of Drillhole H-19b3—-

ROCK UNIT DEPTH INTERVAL (ft)*
uatemar-y Deposits

Holocene Deposits** O-26

pper Triassic Rocks

Dockum Group (undifferentiated) 26-60?

pper Permian Rocks

Dewey Lake Redbeds 60?–568

Rustler Formation 568-?
Forty-niner Member 568-629

Magenta Member 629-654

Tamarisk Member 654-740

Culebra Dolomite Member 740-765?

umamed lower member 765?–?

* Depth intervalsrecorded from cuttings, cores, and geophysical logs.
** Includes dune sand and caliche.

2.5 Drillhole H-19b4

Drillhole H-19b4 is located in Eddy County, New Mexico, 1510.6 ft from the South line
(FSL) and 2417.1 ft from the West line (FWL) of section 28, Township 22 South, Range 31
East, at a surface elevation of 3417.2 fi above mean sea level (AMSL). Table 2-13 presents the
abridged hole history. Table 2-14 and Figure 2-6 give a summary of the well-completion records
and the final “as-built” conditions of the H-19b4 well, respectively. Figure 2-2 shows the

location of H-19b4 in relation to the other drillholes on the H-19 hydropad. -

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel
were used to drill from 38 ft (just below the surface casing) to a depth of 734.0 ft (casing depth).
After casing was set to 730.7 & cemented, and drilled out, the drilling fluid was changed to
Culebra water pumped from H-19b0, and continuous wireline coring was conducted from 735.5

ft to 781.5 ft. This interval cored includes the tracer target geologic horizon (the Culebra

Dolomite Member) and the upper part of the unnamed lower member of the Rustler Formation.
Following completion of coring, the core hole was reamed to 781.5 ft (total depth). To prevent
the hole from collapsing in the unnamed lower member, a PVC liner was placed from 761.8 to
781.0 ft.

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the
Water Resources Division of the U.S. Geological Survey. The lithology and stratigraphy,
including depth intervals, are summarized in Table 2-15. Section 3 of this report contains a
detailed core description of the lithology of the Culebra in drillhole H-19b4.
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Table 2-13. Abridged History of Drillhole H-19b4
LOCATION Section 28, T. 22 S., R. 31 E. 1510.6 ft from South line and 2417.1 ft from

West line.

ALTI’IXIDE: 3417.2 ft (AMSL). Datum for depth measurements in drilling and logging

operations.

LOGS PREPARED BY: Robert M. HoIt, New Mexico Tech; Carl Young, INTERA Iic.

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California

DRILLING RECORD:

Augered 18-inch hole to 38 ft, 40 ft of 14-inch OD surface pipe set.

Commenced drilling May 20, 1995.

Drilled 12.25-inch hole from 38 ft to 734.0 ft.

Set 7-inch fiberglass casing to 730.7 ft and cemented in June 1,1995.

Cut 3.345-inch core by wireline method from 735.5 ft to 781.5 ft.

Reamed 4.835-inch core hole to 5.875 inches from 735.5 ft to 781.5 ft.

Drilling completed June 5, 1995.

Placed 5.5-inch PVC liner from 761.8 ft to 781.0 ft August 21,1995.

U.S. Geological Survey ran geophysical logs September 6,1995.

Core Depth Interval (ft)
No. from to cored recovered (%)

1 735.5 – 740.5 5.0 5.0 100.0

2 740.5 – 745.5 5.0 5.0 100.0

3 745.5 – 750.5 5.0 5.0 100.0”

4 750.5 – 755.5 5.0 5.0 100.0

5 755.5 – 760.5 “- 5.0 5.0 100.0

6 760.5 – 761.5 1.0 0.2 “20.0

7 761.5 – 766.5 5.0 4.5 90.0

8 766.5 – 771.5 5.0 5.0 100.0

9 771.5 – 776.5 5.0 5.0 100.0

10 776.5 - 781.5 5.0 5.0 100.0

I Interval (ft) I Recovered ]
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Table 2-14. Summary of Drilling and Well Completion Records
of Hydrologic DriUhole H-19b4

NOTE: All depths recorded are in ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b4

LOCATION: Section 28, Township 22 South, Range 31 East

SURFACE COORDINATES: The well is located 1510.6 ft fi-om the South line and 2417.1 ft
from the West line of Section 28.

ELEVATION All depths are reported below ground level (13GL) which is 3417.2 ft above
mean sea level (AMSL). Primary datum was a “v” notch in the surface conductor
casing which was inadvertently destroyed during the chilling operations. The
reference point now is an aluminum cap near H-19b4 which is 3416.37 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling May 20, 1995; completed drilling activities
June 5, 1995. The drillhole was reworked August 21–22, 1995, when a PVC liner
was placed in the hole.

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt

gel to casing point at a depth of 734.0 ft. After casing was set, cemented, and
drilled out, the drilling fluid was changed to Culebra water pumped from H-19b0.
Culebra water was used to core and ream the Culebra in H-19b4.

Cored Interval: 3.345-inch core was taken from 735.5 ft to 781.5 ft.

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation,
Woodland, California.

Drillhole Record:
. from

(:CYW) (ft) &

18 0 38
12.25 38 734.0
5.875 734.0 781.5 TD

Casing Record:

Size Weight/foot from
(inches) (pounds) (ft) :)

14 42 (H-40 steel) o 38
7 5.7 (Centron o 730.7*

DHC-300)
(Fiberglass)

5.5 3.9 (l?Vc) 761.8 781.0
*5.875-inch open hole horn 734.0 ft to 761 &
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Figure 2-6. As-built conditions of hydrologic drillhole H-19b4.
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Table 2-15. Stratigraphic Summary of Drillhole H-19b4-.

ROCK UNIT DEPTH INTERVAL (ft)*
Quatemary Deposits

Holocene Deposits** O-28

Upper Triassic Rocks
.

Dockum Group (undifferentiated) 28–58?

Upper Permian Rocks

Dewey Lake Redbeds 58?–568

Rustler Formation 568–?

Forty-niner Member 568-628

Magenta Member 628-653

Tarnarisk Member 653–738.5

Culebra Dolomite Member 738.5–761.8

unnamed lower member 761.8-?

* Depth intervalsrecorded horn cuttings, cores, and geophysical logs.
** ~cludes dune ~~d ad ~fiche.

2.6 Drillhole H-19b5

Drillhole H-19b5 is located in Eddy County, New Mexico, 1466.3 ft from the South line
(FSL) and 2420.4 It from the West line (FWL) of seetion 28, Township 22 South, Range 31 East,
at a surface elevation of 3416.89 ft above mean sea level (AMSL). Table 2-16 shows the
abridged hole history. Table 2-17 and Figure 2-7 summarize the well-completion records and
illustrate the final “as-built” conditions of the H-19b5 well, respectively. Figure 2-2 shows the
location of H-19b5 in relation to the other drillholes on the H-19 hydropad.

Conventional rotary drilIing procedures and saturated sodium chloride brine and salt gel

were used to drill from 37 ft (just below the surface casing) to a depth of 734.2 ft (casing depth).
After casing was set to 730.7 ft, cemented, and drilled out, the drilling fluid was changed to
compressed air, and air was used for continuous wireline coring from 735.5 ft to 785.5 ft. This
interval cored includes the tracer target geologic horizon (the Culebra Dolomite Member) and the
upper part of the unnamed lower member of the Rustler Formation. Following completion of
coring, the core hole was reamed to 785.5 ft (total depth). To prevent the hole from collapsing in
the unnamed lower member, a PVC liner was placed from 761.7 to 781.7 ft.

After completion of the hole, a suite of geophysical logs (Appendix D) by the Water
Resources Division of the U.S. Geological Survey. The lithology and stratigraphy, including
depth intervals, that were encountered in drillhole H-19b5 are summarized in Table 2-18.
Section 3 of this report contains a detailed lithologic description of the core taken.
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Table 2-16. Abridged History of Drillhole H-19b5
LOCATION Section 28, T. 22 S., R. 31 E. 1466.3 ft from South line and 2420.4 ft from

West line

AL’ITI’UDE: 3416.89 ft (AMSL). Datum for depth measurements in drilling and logging

operations.

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc.

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California

DRILLING RECORD:

Augered 18-inch hole to 37 ft, 40 ft of 14-inch OD surface pipe set.

Commenced drilling June 11,1995.

Drilled 12.25-inch hole from 37 fi to 734.2 ft.

Set 7-inch fiberglass casing to 730.7 ft and cemented in June 29,1995.

Moved rig off hole to H-19b6 July 9, 1995 before completing hole.

Moved rig back August 25, 1995

Cut 3.345-inch core by wireline method from 735.5 ft to 785.5 ft.

Reamed 4.835-inch core hole to 5.875 inches from 735.5 ft to 785.5 ft.

Drilling completed August 26,1995.

Placed 5.5-inch PVC liner from 761.7 ft to 781.7 ft August 26,1995.
U.S. Geological Survey ran geophysical logs September 6,1995.

I Core I Depth Interval (ft) I Interval (ft) ] Recovered I
No. from to cored recovered I (%)

1 735.5 – 740.5 5.0 4.6 92.0

2 740.5 – 745.5 5.0 5.0 100.0

3 745.5 – 750.5 5.0 4.2 84.0

4 750.5 - 755.5 5.0 3.0 60.0

5 755.5 – 760.5 5.0 4.5 90.0

6 760.5 – 765.5 5.0 4.1 82.0

7 765.5 – 770.5 5.0 5.0 100.0

8 770.5 – 775.5 5.0 4.8 96.0

9 775.5 – 780.5 5.0 5.0 100.0

10 780.5 - 785.5 5.0 3.5 70.0
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Table 2-17. Summary of Drilling and Well Completion Records
of Hydrologic Drillhole H-19b5

NOTE: All depths recorded are in ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b5

LOCATION Section 28, Township 22 South, Range 31 East

SURFACE COORDINATES: The well is located 1466.3 ft from the South line and 2420.4 ft
from the West line of Section 28.

ELEVATION AU depths are reported below ground level (13GL) which is 3416.89 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing which is 3417.29 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling June 11, 1995; completed initial drilling
activities July 6, 1995. Following placement and cementing of casing at a depth
of 730.7 ft, the rig was moved to another hole. The rig reoccupied the hole
August 25, 1995, and the Culebra was cored, thus completing drilling activities.
On August 26, 1995, the hole was reame~ a PVC liner was placed in the hole.

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt

gel to casing point at a depth of 734.2 ft. After casing was set, cemented, and
drilled out, the drilling fluid was changed to compressed air. Air was used to core
and ream the Culebra in H-19b5. ,

Cored Interval: 3.345-inch core was taken from 735.5 ft to 785.5 ft.

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation,

Woodland, California.

DriUhoIeRecord:
.

from
(i~c~w) (ft) &

18 0 38

12.25 38 734.2
5.875 734.2 783.4
4.833 783.4 785.5 TD

Casing Record:

Size Weight/foot from
(inches) (pounds) (ft) &

14 42 (H-40 steel) o 38
7 5.7 (Centron o 730.7*

DHC-300)
(Fiberglass)

5.5 3.9 (PVc) 761.7 781.7
*5.875-inch open hole from 734.2 ?3to 763 ft.
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Figure 2-7. As-built conditions of hydrologic drillhole H-19b5.
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Table 2-18. Stratigraphic Summary of Drillhole H-19b5

ROCK UNIT DEPTH INTERVAL (ft)*
Quarternary Deposits

Holocene Deposits** O-29

Upper Triassic Rocks

Dockum Group (undifferentiated) 29–58?

Upper Permian Rocks

Dewey Lake Redbeds 58?–565

Rustler Formation 565–?

Forty-niner Member 565-623

Magenta Member 623-649

Tamarisk Member 649-736.7

Culebra Dolomite Member 736.7–761.2

unnamed lower member 761.2–?

* Depth intervalsrecordedfrom cuttings,cores,andgeophysicallogs.
** Inclu&Sdune Smd md cfiCheO

2.7 Drillhole H-19b6

Drillhole H-19b6 is located in Eddy County, New Mexico, 1554.4 ft from the South line
(FSL) and 2472.6 ft fi-om the West line (FWL) of section 28, Township 22 South, Range 31
East, at a surface elevation of 3417.25 ft above mean sea level (AMSL). Table 2-19 presents the
abridged hole history. Table 2-20 and Figure 2-8 summarize the well-completion records and
show the final “as-built” conditions of the H-19b6 well. Figure 2-2 illustrates the location of
drillhole H-19b6 in relation to the other drillholes on the H-19 hydropad.

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel

were used to drill from 39 ft @st below the surface casing) to a depth of 732.8 ft (casing depth).
After casing was set to 730.1 ft, cemented, and drilled out, the drilling fluid was changed to
compressed air, and air was used for continuous wireline coring from 736.5 ft to 788.1 ft. This
interval cored includes the tracer target geologic horizon (the Culebra Dolomite Member) and the

upper part of the unnamed lower member of the Rustler Formation. Following completion of
coring, the core hole was reamed to 788.1 ft (total depth). To prevent the hole from collapsing in
the unnamed lower member, a PVC liner was placed from 765 to 785 ft.

\
After completion of the hole, a suite of geophysical logs (Appendix D) was run by the

Water Resources Division of the U.S. Geological Survey. The rock units and their respective
depth intervals are summarized in Table 2-21. Section 3 of this report contains a detailed
description of these cored intervals.
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Table 2-19. Abridged history of Driilhole H-19b6

LOCATION Section 28, T. 22 S., R.31 E. 1554.4 ft from South line and 2472.6 ft from
West line

ALTITUDE: 3417.25 ft above mean sea level (AMSL). Datum for depth measurements in
d.rillhg and logging operations.

LOGS PREPARED BY: Robert M. Holt, New Mexico Tec~ Carl Young, INTERA Inc.

DRILLING CONTRACTOR Water Development Corporation, Woodland, California

DRILLING RECORD:

Augered 18-inch hole to 39 I%,40 ft of 14-inch OD surface pipe set.

Commenced drilling July 10, 1995.

Drilled 12.25-inch hole from 39 ft to 732.8 ft.

Set 7-inch fiberglass casing to 730.1 ft and cemented in July 18,1995.

Moved rig off hole to H-19b7 July 26, 1995 before completing hole.

Moved rig back August 22,1995

Cut 3.345-inch core by wireline method from 736.5 ft to 788.1 ft.

Reamed 4.835-inch core hole to 5.875 inches from 736.5 ft to 788.1 ft.

Drilling completed August 24,1995.

Placed 5.5-iqch PVC liner from 765 ft to 785 ft August 24, 1995.

U.S. Geological Survey ran geophysical logs September 5, 1995.

I Core Depth Interval (ft) Interval (ft) Recovered
from tokNo.

1
2

R-l-
Er

736.5 – 741.5

741.5 – 7L.___

746.5 – 751.5 5.0 4.1 82.0

751.5 - 755.2 3.7 2.2 60.0

755.2 – 759.2 4.0 2.0 50.()

759.2 - 764.2 5.0 2.3 46.0

4.2 - 768.1 3.9 3.1 79.0
5.0 5.0 100.0la=%

cored recovered (%)

5.0 4.1 82.0----
46.5 5.0 4.1 82.0

, ~8.1 773.1

9 773.1 - 778.1 5:0 5.0 100.0

10 778.1 – 783.1 5.0 5.0 100.0

11 783.1 - 788.1 5.0 3.9 78.0
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“ Table 2-20. Summary of Drilling and Well Completion Records
of Hydrologic Drillhole H-19b6

NOTE: All depths recorded are in ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b6

LOCATION: Section 28, Township 22 South, Range 31 East

SURFACE COORDINATES: The well is located 1554.4 ft from the South line and 2472.6 ft
from the West line of Section 28.

ELEVATION AU depths are reported below ground level (13GL) which is 3417.25 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing which is 3417.50 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling July 10, 1995; completed drilling activities
July 26,1995. Following placement and cementing of casing at a depth of 730.1
ft, the rig was moved to another hole. The rig reoccupied the H-19b6 hole
August 23, 1995, and the Culebra was cored. On August 24, 1995, the hole was
reamed, and a PVC liner was placed in the hole.

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt
gel to casing point at a depth of 732.8 ft. After casing was set, cemented, and
drilled out, the drilling fluid was changed to compressed air. Air was used to core
and ream the Culebra in H-19b6.

Cored Interval: 3.345-inch core was taken from 736.5 ft to 788.1 ft.

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation,
Woodland, California.

Drillhole Record:

Size “ from
(inches) (ft) &

18 0 39

12.25 39 732.8

5.875 732.8 785.0
4.833 785.0 788.1 ‘I’D

Casing Record:

Size Weight/foot from
(inches) (pounds) (ft) &

14 42 (H-40 steel) o 39
7 5.7 (Centron o 730.1*

DHC-300)
(Fiberglass)

5.5 3.9 (PVc) 765 785

*5.875-inch open hole from 732.8 ft to 766 ft.

37



Top of Casing ~-1 ~b6
3419.1 ft arnsl

Ground Surface

566

3417.2 ft SMSt

Holocene Deposits
28

Dockum Group

.
/

.

.

/

\ ;
.

-.

?

Notes

Dewey Lake Redbeds

Forty-niner Member

623

Magenta Member

649

739.0”

Culebra Dolomite Member

763.8.

unnamed lower member
L

SaladoFormation

F
1N Augered Hole

, 1P, 42 Ibtft Conductor Casing

39

F
“. Fiberglass Well Casing

n

CENTRON DHC-300
ID 6.38m
OD 7.0’

Weight 5.7 lb/ft

Cement Grout

r.12.2S Borehole

~ 730.1-Bottom of ~ Casing Shoe
J

‘~ 732.8-Bottom of 12.25’ Hole

%5.88’ Open Hole

— PVC Liner
765-785

5.5’ OD: 4.88’ ID

Total Depth
788.1

All depths are in approximate feet below ground surface.
~) indicates formation depths taken from core. All other formation depths from geophysical logs.
(?) in~cates uncertainty.

Drawing not to scale.

-rlwllweo-o

Figure 2-8. As-built conditions of hydrologic drillhole H-19b6.

38



Table 2-21. Stratigraphic summary of Drillhole H-19b6 ~

ROCK UNIT DEPTH INTERVAL (ft)*
Quaternary Deposits

Holocene Deposits** O-28

Upper Triassic Rocks

Docknm Group (undifferentiated) ‘ 28-63?

Upper Permian Rocks

Dewey Lake Redbeds 63?–566

Rustler Formation 566-623

Forty-niner Member 623-649

Magenta Member 649-649

Tamarisk Member 649–739

Culebra Dolomite Member 739.0-763.8

unnamed lower member 763.8–?

* Depth intervalsrecordedfromcuttings,cores, andgeophysicallogs.
** Includesdune sand and ctilche.

2.8 Drilihole H-19b7

Drillhole H-19b7 is located in Eddy Coun&, New Mexico, 1455.6 ft from the South line
(FSL) and 2464.1 ft from the West line (FWL) of section 28, Township 22 South, Range 31 East,
at a surface elevation of 3416.94 ft above mean sea level (AMSL). Table 2-22 includes the
abridged hole history. Tables 2-23 and 2-24 summarize the well-completion records and the rock
units and their respective depth intervals, respectively. Figure 2-9 shows the final “as-built”
conditions of the H-19b7 well. Figure 2-2 shows the location of H-19b7 in relation to @e other
drillholes on the H-19 hydropad.

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel

were used to drill from 38 ft (just below the surface casing) to a depth of 678.6 ft. At 678.6 ft,
continuous wireline coring was conducted in the Tamarisk Member of the Rustler Formation to a
depth of 735.3 ft. After coring, the hole was reamed to a casing depth of 733.6 ft. Casing was
set to 731.01 ft, cemented, and drilled out, then the drilling fluid was changed to compressed air.

Air was used for continuous wireline coring from 736.0 ft to 783.0 ft. This interval cored
includes the Culebra Dolomite Member and the upper part of the unnamed lower member of the
Rustler Formation. Following completion of coring, the core hole was rearned to 783:0 ft and
continued to 785.0 ft (total depth). To prevent the hole from collapsing in the unnamed lower
member, a PVC liner was placed from 762.5 to 782.5 ft.

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the
Water Resources Division of the U.S. Geological Survey. Section 3 of this report contains a
detailed core description.
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Table 2-22. Abridged History of Drillhole H-19b7

LOCATION: Section 28, T. 22 S., R. 31 E. 1455.6 ft from South line and 2464.1 ft from
West line

ALTITUDE: 3416.94 ft (AMSL). Datum for depth measurements in drilling and logging
operations.

LOGS PREPARED BY: Robert M. HoIt, New Mexico Tech; Carl Young, INTERA Inc.

DRILLING CONTRACTOR Water Development Corporation, Woodland, California

DRILLING RECORD:

Augered 18-inch hole to 38 ft, 40 ft of 14-inch OD surface pipe set.

Commenced drilling July 27,1995.

Drilled 6.25-inch hole from 38 ft to 577.4 ft.

Changed to 4.875-inch bit and drilled from 577.4 ft to 678.6 ft.

Cut 3.345-inch core by wireline method from 678.6 ft to 735.3 ft.

Reamed hole to 12.25 inches from 39 ft to 733.6 ft (casing depth).

Set 7-inch fiberglass casing to 731.01 fG cemented in August 7,1995.

Cut 3.345-inch core by wireline method from 736.0 ft to 783.0 ft.

Reamed 4.835-inch core hole to 5.875 inches from 733.6 ft to 785.0 ft.

Drilling completed August 18,1995.

Placed 5.5-inch PVC liner from 762.5 ft to 782.5 ft August 19, 1995.

U.S. Geological Survey ran geophysical logs September 5, 1995.

Core Depth Interval (ft) Interval (ft) Recovered
No. from to cored recovered (%)

1 678.6 – 683.6 5.0 5.0 100.0

-33.6 688.6 5.0 5.0 100.0

F
2

3

4
5
61

688.6 – 693.6 5.0 5.0 100.0

693.6 – 698.6 5.0 5.0 100.0
698 “ 7(-)3.6 5.0 5.0 100.0

18.6 5.0 5.0 100.0
t ‘b –-. d. “1----

.6 – 70---
7 708.6 –

, i
712.1 3.5 3.5 100.0

8 712.1 – 715.3 3.2 3.2 100.0

9 715.3 - 720.3 5.0 5.0 100.0

720.3 - 725.3
725.3 – 730.3

1101

1121

703

730.3 – 735.’?

1131 736.0 – 74
1141

5.0 5.0 100.0
5.0 5.0 100.0

---- 5.0 4.8 96.0

11.0 5.0 4.6 92.0
16.0 5.0 4.9 98.0I -. I 741.0 – 74--- 1 1 , !
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Table 2-22. Abridged History of Drillhole H-19b7 (continued)

Core Depth Interval (ft) Interval (ft) Recovered I
No. from to cored recovered ((

Et=

1201

746.0 – 750.2 4.2 2.6 62.0
16 750.2 – 754.7 4.5 3.0 67.0

1’7 754.7 - 759.7 I 5.0 4.3 86.0
18 759.7 – 764.7 5.0 2.7 54.0

19 764.7 - ?_-.. I - -- I
768.0 - 773.0

773.0 – 778.0

778.0 – 783.0

76%(-) I 3.3 I 1.7 52.0
I 5.0 I 4.0 80.0

BE I 5.0 I 5.0 I 100.0 I

I 5.0 5.0 100.0

Table 2-23. Summary of Drilling and Well Completion Records
of Hydrologic Drillhole H-19b7

NOTE: All depths recorded are in ft below ground level.

WELL NAME: Hydrologic Drillhole H-19b7

LOCATION: Section 28, Township 22 South, Range 31 East

SURI?ACE COORDINATES: The well is located 1455.6 ft from the South line and 2464.1 ft
from the West line of Section 28.

ELEVATION: All depths arereportedbelow ground level (BGL) which is 3416.94 ft above
mean sea level (AMSL). Primary datum for each well is a “v” notch in surface
conductor casing which is 3417.27 ft AMSL.

DRILLING RECORD:

Start Date: Commenced drilling July 27, 1995; completed drilling activities
August 18, 1995. On August 18–19, 1995, the hole was rearned and a PVC liner
was placed in the hole.

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt
gel to casing point at a depth of 733.6 ft. Cored the interval from 678.6 ft to 735.3

ft using saturated brine water. After casing was set, cemented, and drilled out, the
drilling fluid was changed to compressed air. Air was used to core and ream the
Culebra in H-19b7.

Cored Interval: 3.345-inch core was taken from 678.6 ft to 735.3 ft and from

736.0 ft to 783.0 ft.

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation,
Woodland, California.
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Drillhole Record:

Size from
(inches) (ft) (:)

1s o 38

12.25 38 733.6

5.875 733.6 785.0 TD

Casing Record:

Size Weight/foot from
(inches) (pounds) (ft) &

14 42 &MO steel) o 38

7 5.7 (Centron o 731.0*
DHC-300)
(Fiberglass)

5.5 3.9 (PVc) 762.5 782.5

*5.875-inch open hole from 731.0 ft to 762.5 ft.

Table 2-24. Stratkraphic !hmnarv of Drillhole H-19b7--

ROCK UNIT DEPTH INTERVAL (ft)*
Quatermuy Deposits

Holocene Deposits** O-28

Upper Triassic Rocks

Dockum Group (undifferentiated) 28-60?

Upper Permian Rocks

Dewey Lake Redbeds 60?–567

Rustler Formation 567–?

Forty-niner Member 567-627

Magenta Member 627-652

Tamarisk Member 652–739.5

Culebra Dolomite Member 739.5–764?

unnamed lower member 764?–?

* Depth intervrdsrecorded from cuttings, cores, and geophysical logs.
** ~cludes dme smd ~d c~che.
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Figure 2-9. As-built conditions of hydrologic drillhole H-19b7.
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3. DETAiLED DESCRIPTION AND INTERPRETATION OF SELECTED “
CORE INTERVALS FROM THE H-19 HYDROPAD

RobertM. Holt

This section of the basic data report addresses special geologic issues related to the H-19
hydropad, including (1) geologic issues relevant to the hydraulic and tracer testing of the Culebra
Dolomite Member of the Rustler Formation at the H-19 hydropad, (2) the general geologic
characterization of the Rustler Formation; and (3) the origin of perched water in the upper part of
the Dewey Lake Redbeds. During drilling activities at the H-19 hydropad, seven cores, H-19b0,

H-19b2, H-19b3, H-19b4, H-19b5, H-19b6, and H-19b7, were removed from the Culebra and
subsequently were described geologically in detail. The legend and the graphic logs fi-om these
descriptions are presented in Section 3.1. On the basis of the geologic descriptions, four
hydrostratigraphic units were identiled in the Culebra at the H-19 hydropad and are described in
Section 3.1. In addition, the results reported here provided the basis for a conceptual model of
transport processes in the Culebra (HoIt, 1997).

In addition, the Dewey Lake Redbeds and the upper Rustler Formation were cored at
another borehole, H-19bl. The entire Rustler section above the Culebra in the H-19bl core was
described in detail. The geologic description of the upper Rustler units is summarized and
interpreted and a graphic log of the description is presented in Section 3.2. During the drilling of
borehole H-19bl, moisture was encountered in the upper part of the Dewey Lake Redbeds. A
41-ft-thick section of the Dewey Lake was selected for detailed description to qualifi the

geologic condhions related to perched water in the upper Dewey Lake. These descriptions and
related interpretations are presented in Section 3.3.

3.1 Culebra Hydrogeology at the H-19 Hydropad

Seven Culebra cores were recovered during drilling activities at the H-19 hydropad and
subsequently described. The legend used for the graphic logs of these descriptions is provided in
Figure 3-1. The detailed descriptions of each core are provided in Figures 3-2 through 3-8.
Observations of Culebra geologic features at the H-19 hydropad are consistent with the
observations of Holt and Powers (1988; 1990a) and Beauheim and Holt (1990). Four
hydrostratigraphic units were identified in the Culebra cores from the H-19 hydropad. These
units correlate with the mapping units reported by Holt and Powers (1990a) from the Culebra at

the WIPP air intake shaft (AK). A summary of the thickness of each of these hydrostratigraphic
units is presented in Table 3-1. The following discussion summarizes the geologic character of
each of the hydrostratigraphic units at the H-19 hydropad and represents a synthesis of all H-19
hydropad core descriptions. Consistent with existing core and shaft descriptions and geophysical

logs, English-System length units (ft, in) will be used.

The uppermost hydrostratigraphic unit in the Culebr% CU-1, corresponds to AIS mapping
units 1 and 2 and varies in thickness from 9.7 to 10.5 ft in complete cores from the H-19
hydropad (Table 3-l). CU-1 consists of well-indurated, microcrystalline dolomite. It is more
massively bedded than the underlying units, and strata within the beds are primarily parallel.
Some burrows are present, and biotnrbation becomes less common upward. Several areally
persistent zones showing cryptalgal layering occur within the upper part of CU-1, and H-19 cores
show dark-brown-stained bedding-plane separations in the vicinity of these features.
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. Legend for H-19b0, b2, b3, b4, b5, b6, b7

~ Wavy strata @@oo@@oo Coated grains

Interbed containing poorly.—.—.—.—.—
— Flat strata cemented silty dolomite

,~= Bedding plane parting ah
Vug filled with poikilotopic

with no cement filling gypsum cement

Cryptalgai layering ~ a VU9

Soft sediment Gypsum-filled fracture

deformation with shear

Burrow or bioturbation ~~ Gypsum nodule

. .. -. Halite or anhydrite pseudo-
. ..*-

Microvugs ~ ~ V morphs after vertically. -e ..+”... .. . . . . ● oriented prismatic gypsum
crystals

AA Breccia I== m 00 Smeared Inraclast texture
(e.g., Holt and Powers,1988)

?(2 Fractures with no cement
or filling ~ Boudin structures

—_ Discontinuous or wispy

7

.—.—.—..—.—. Irregular masses of poorly
strata cemented silt- to clay-size

dolomite

TRW0141-1

Figure 3-1. Legend for the Culebra core descriptions of H-19b0, b2, b3, b4, b5, b6, and b7.
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Figure 3-2a. Detailed geologic description of the Culebra interval from H-19b0.

47



— —.—— .. ..— ..—. — ——

H-19b0

Clastic Grain
vlaterial Size Depth Lith- Geologic General

(ft) Ology Features Descriptions
Percent . Descriptions
~g~ _2G~

Omrn! I t
I .-.
I . 749.9 -755.3

I
/

Culebra Unit 2
.

I
. . . . .

“----- Well-indurated,microcrystalline

I
. .“
. . . . . . dolomitewith interfaminaeand

I I /
. . . — 749.6

\
interbedsof poorfycemented,

I
\

/

/, I

Crushed dolomite,dark brownstains of silt-to clay-size dolomite.

I
I
I

750 — blocksurfaces.Some siltflour. Dolomitesilt interbedsbecome

I I Crusflad
more common upward;dolomite

I
silt Iaminae show abundant

1
I
1

softsedment slumpingand

1 }
disruptionnear the base and in

I I
the middleof the unit. Locally

I I — 750.8
I

showsbioturbation. Large wgs

I
I 751 —

moderatelyabundan~ some are--—
1

/’
I

‘ &
~ !~:%l%%%f:lx~orc%d”

fiUedwithpoidlotopicgype.m

I

/

=%

-

t

cements. Small-scale frastures
brownslay and minorsoftsediment

I formation.
with highlyvariable orientations

I
cccur around vugs, bedding

Dark brownstainson some fradure
I

planes, and dolomitesilt
surfaces.

I
irderbeds. Intensefracturing

I
below 754.0. Dark brown and

! I 752
I ---..;..f

‘ ~ lY&%%%%fE%o::%d”
~~%%~G;X%Y&er

—.—-

1’
; 7 brownclayandminorsoftsediment and lowercontactsmarkedby

formation. siltydolomiteinterbeds.

I ! Intenselyfrac@red,some fracture
I I surfacesshow dark brownstains.

I I
I I
I 1 753 — r- Deformedintertaminaeof siltstone.
I I
I I
I }
I 1

/
1

I
1

I
I i
I I 754 —
I I

I
/ I
I 1
1 I
1 I Intenselyfrac+ured.Siltydolomite

I !,
interiaminaedeformed,have dark brown

I day at top and bottom.

! i“ 755 —

I “1
1
I i
I
I i

1
, — 755.8 755.3 -758.6

i I
CulebraUnit3

I I 756— / Zonealmostentirelycrushed

I I — Crushed dolomite,blocksize increases
and broken. Consistsof irreguku

I I
I I / toward middle.Abundantsilt flour. Dark

pieces of indurateddolomiteanc

Cruefrad brownstabs on some bkk surfaces.
siltydolomiterangingfrom

I I
i I

e 0.5 in. to over 5 in. on a side.

I I
Silt- to clay-sized dolomiteflour

/
I I

abundant. Shows dark brown

I I 757 _
stains on some fradure surfase$

/ /
m! . . . . m. .,“,-9, ,.-CU.7°

Figure 3-2b. Detailed geologic description of the Culebra interval from H-19b0.
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Figure 3-2c. Detailed geologic description of the Culebra interval from H-19b0.
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00ronlrre

—.-
0

-- z —
/

— 749.5

r Dark brownstainson fraoture
surfaces.Silty dolomiteinterbeds,
spaced 02-0.5 ft.

752

753

1

Crushed
Doranile

754

751.3 -755.0
Culebra Unit 2
Crushed bkds of dolomitewit
irregularshape% blocks range
from<0.5 to over 5 in. on a
side. Intactdolomite is
miorocrystafiineand micro-
Iarninatedto thinlybedded. Sill
dolomiteflouris abundant.
Surfaces of blocks may show
orange and dark brown stains.
Sase of unitnot observed.

— Crushedblocksof dolomite;block
W.oally very small, under 1 in. on
aside. Surfacesof blocksshow
orange and dadcbrownstarns.
Silty dolomiteabundant.

755

fl

-755.0

7561 NoRecovery

Tm.ellsx

Figure 3-3a. Detailed geologic description of the Culebra interval from H-19b2.
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H-1 9b2

:Iastic Grain
Iaterial Size Depth Lith- Geologic

Descriptions
General

‘erscmt u (ft) . Ology Features “ Descriptions
nolo _2s :
vlor- 0(00

757

758 —

759: NoRecovery

760 —

1
a — 760.5 760.5 -761.8

I 5

/
/

/
/ t

CulebraUnit4
I

761 Crushed Crushedblocksof dolomiteare Upper endlowerrxmtacisof
1 Dolom”~ larger than above, usually >5 in. unit not observed. Consists

1 on a side. Blocksurfacesshow of largercrushedbbcicaof

762 —
— 761.8 dark brown sfaims.Abundanf wel!-irrdurafeddolomile;block!

microvugs. range from 1 to> 5 in. on
aside. Some blocksu~aces
showdadcbrownsfainsj

763 —
Microvugsare abrmdant.

No RSCOV.SIY

7E4 —

..— — 7645 Unnamed rowermember.
--- ~ Gray mudstone,thinto micrcr-

765 ——-: ~ — 765.0 laminated.

768 — NoRecovery

767 —
- — 76s.7

.

m,....m,
,“!-9, ,.J-Da

Figure 3-3b. Detailed geologic description of the Culebra interval from H-19b2.
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H-1 9b3

Clastic Grain
vlaterial Size Depth Lith- Geologic General

(ft) Ology Features Descriptions
Percent ~7J Descriptions
l&g~ raa:
I I

Ornm
1

740 Noi?OCOVOW >HTOP of Culebra 740.0
I I 7 / - — Crypkafgeflayering,possiblyorganic rich. Culebra Dolomite

i
741 —

/

Less dense, more arenaceous than
1

740.0-751.0

underlyingmefenat somefractures Culebra Unit 1
I paraflelto beddingplanes. Dolomite,microcrystalline,well-
\
I

indurafed,microlarninafedto

I 742 — ‘ / Q22=
— Cryptefgallayering,separation. thinfybedded. Interlsminaeof
— Vugs ~ibly collapsed.

I
/ / ~

— Cryptalgal layering,separation.
poorfycementedsilt-to day-
size dolomiteare rare at the

I
base and become more

743 — / commonupward. Bedding

; ....+.: ..
/,/

.
* 1Darkbrownmateriel on beddingplanes.

plane separationsare common
}. ~ . .... . . .. . .

— 743.7
and offendisplaydark brown

744 —
stains and materief. Zones
displayingcryptalgallayering

NoRecovery
occur locally. Vugs filled with
poikilotcpicgypsumabove

745 —
746.0. Mimovugsare abundant

i I /
— 74s.3

between 746.0 and 748.0; some

\
— are filledwithpoikilotopic

\ i
< gypsumcements.Fractures

— Separationalongctyptalgallayering. filled withpoikilotopicgypsum

( ~ cementsfrom741.0-743.5and

I
749-750. Lowercontact

I
/ occursatsiltydolomite

I 747
/

/
— .Separafion,darkbrown materiel. interbed.

I
I
I 74sI

~ — Separation, dark brown material.

I
/

I
— Large, >0.5 in., open vugs.

1
I 749 —
I
1
I

Separation, dark brownmaterial

I 750 — afong beddingplane.
/

NoRecQvoIv

751 . — 751.0
I / / -
I

/ /

Separation, dark brownmaterial 751.0 -755.3

I along beddingplane.
Culebre Unit2

I
Well-indurated,microcrystalline,

1 752 — Croefled dciomitewithinterkuninaeand

I g~?~ — 752.3 interbedsof poorlycemented,

I silt- today-size dolomite. silty

I
.- —.-— -

753 — ~ — 752.9 dotomifeirderbedsbemme

I
/

/ crushed Resembles a pack breccia (e.g., Holt and
I

more commonupward. Very
Powers,1990a),possiblecollapsedvugs. brokenappearanceon mre

I / : dueto abundantmicrovugs.
I 754 — j —Small openvugs. Verylittlegypsum;some rekf
I
I brownmaterialon gypsumpreserved in vugs

1 — arxf fractureswith a filled

I / ~ —Cryptalgal layering aperfure c 0.1 in. Filled
755 . . . ... . . . . . ...: . . . .

, ..”.— fracturesoccurin areas free. ..”.. .. ~.
/

— 755.3 of wgs. Lowercontactof unit

/ Crushad notapparent.

756 / Core

TR1.el1S.S97

Figure 3-4a. Detailed geologic description of the Culebra interval from H-19b3.
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H-19b3

Istic Grain
terial Size Depth Liih- Geologic

Descriptions
General

cent (f’t) Ology Features Descriptions

mm 352
ol- Oroo

756 / /

/
/

757
/

/ /
/ Two pieces4 incheslong

758 ;
recovered,remehder Iost.

/
/

/
759 /

/

/ [
/

760 /
— 760.3

No Furtk
Recovery

TR1-sllsl

Figure 3-4b. Detailed geologic description of the Culebra interval from H-19b3.



H-1 9b4

>Iastic Grain
fiaterial Sie Depth Liih- Geologic General
Percent (ft) . Ology Features . Descriptions

Descriptions
solo j?=~
Nut- 000

WA WA Tamarisk Member
736 — Carbonate-richmicrolaminae Anhydrife 2

separate irregularto wavy thin Anhydrite,miqocrystallineto
Iaminaeto Iaminae. finelycqstalline, gypsiferous

near base. Carbonate-rich
737 — _.— microlaminae,separate

irregularto wavy thin
laminaeto Ieminae of

+ Cryptalgalfayering.
gypsiferousanhydrite. Showa

73s —
- ~ Dark brownmaterialafong pmtings.

cryptalgallayeringand a
_— nodularfabric near the base.

I 1

/

Culebre Dolomite

I Crushedpiecesshow cryptafgallayering. 738.5-748.7
; 739 CulebraUnit 1

i I
/ /

Siitydolomitepartingsbetweenvery Dolomite,microaystalline,
I I well-indurated,laminatedto

740 — — 739.9 thinlybedded,strata are flat to

No i%2sov.3y
slightlywavy. Interlamime

1 / / \ — — 740.5
of poorfysamented silt-to
day+ize dolomiteare rare at

I
741 — >

/ ~ . . + PIX?.iblecoatedgrains. the base and become more
/ ——— commonupward;they are fkd

f’
I

—~ + Dark brownstayafongparting, Icealiy withminorundulationsalong
I

/
overiainby poikilotop”~gypsum. the cantacfs. Upper 1.5 ft

I
i 742 —

, —— mntains moderate amountsof

1
dolomitesilt, and uppermost

I Siltydolomiteinterbeds.

I
0.7 ft showscxyptafgsf
layering. Some baddingplane

I
743 —

/ separationsoccurakmg fhin
Iaminae of dark brownclay-

:
I

size material. Few vugs, most
/

I
filledwithpoikilotopicgypsum
cemenf~ smatlscafefractures

I 744 —
1

oftenorigineleat vugs. Micro-

1
vugsare rare and occuralong

/ — beddingplanes. Zones that

i
/ displaycryptefgalfayering

745 — / /
I

occurlocally. Short sub-
vertics!fracturescsxur

; /
betweensome beddingpfanes

I
most are filledwithpoikilotopic

746 — ,/ /
I

gypsumcemenfs. Upper and

I
— 74s.3 lowercontactsshap Lower

1
contactcccureat siltydolomite

I 747 —
interbed.

1
I 746.7 -753.7
I — CulebraUnit 2

I 74a — ]
— .-— Well-indurated,mismcrystallinf

I Crushed
, — 74S.2 dolomitewithdeformed

I
I

/ and disfuptedinterbsdsand/ —
I :.–7–* ‘~ Siltydofomiteintercalatedwith-- —-— ._ ___

1
interfaminaeof poorfy

1’ 749 —
--—. —.—. —.—

- — 749.0 irregular,deformedmiaolaminae cementedsilt-to day-size

1
— 749.2 of wel!-indurateddolomite. dolomite.Intenselyfrasfured

I -- —.—. — .—. —
/

I /

Irregularzones sontainrngsilty
parallelto a beddingplane at

I dolomite.
-750.0. Crushedbelow 750.5.

I I 750 — ‘ Blocksrange from 0.5

I 1
to 5 in. on a side and show

I I
/

— — 750.5 orangeto dark brownetainsor

I I /

/
/

/ / rCrushedcore, containsseveral
surfases. Very littlegypsum

I 1 751 — intastpiems 0.5 in. thick,
present. Lowercontasfnot

I Cruahsd
abundantsiltflour.

obswed.

! I
I I

TQlmilLQ6!l,,!,-, ,---

Figure 3-5a. Detailed geologic description of the Culebra interval from H-19b4.
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. H-19b4 I

Iastic Grain
~te~al ~ze Depth Lith- Geologic General

(ft) Ology Features Descriptions
ersem

Descriptions
lam &=-g
Ilnh O(ern

I I I 752
I II .

/

I
/ 755.5 -757.1

II / / Culebra Unit 3
I II
I II 753 Cruehed Crushedsore consistingof

I
/ welt-indurated,micmcrystaflirte

II
I

/ do!omifeW-Msift-to clay-size
II

I II
/ — 753.7

dolomiteflourfrom 755.5 to

I II 754 —
756.3. Below756.3, consists

I
of well-indurateddofomite

fl
1 \l

interbsddedwithpoorfy
NoRecovery cementedsilt-to day-size

755 —
dolomite. Containsfitfle
gypsum. &pears to be crcss-

1 / /
-755.5

ad by an open, subverfioal

I
fradure. Loweroontad at

Crushed

I 756 — ~
base of siltstonernterbed.

1 / 757.1- 7fl.8

f Culebra Unit 4

f /
757 —

Dolomite,miorccryefalline,well

f
I

indurated,containsinterbede

I -d
— 757.5 of poorfysementedsift-to

I

day-size dolomitenear the

758– ‘/
topof the unit. Unit shows

I / softsecfimerrtdeformation,
1 includingshearstructures.
f Vugs are filfed with pokilotcpic

I “1
I I

759 /
9Ypsum cements. Microvugs

I
abundant in trpfxxpart.

f
/

/

Lowercontactpoorly
f-o~ied Soff=~ment defmation ~ preserved,as sore is broken”

I . . shear and slumpfeatures.
I 760 —“/

and rounded.

I
I

/ unnamed lower member

/ 761.8 -772.0

761 —
Mudstone 2

/ No%SSOVety Gray daystone and mudstone
/

1 / /
from 761.8 to 768.9. Upper
part showssoftsedimentshea

I 761.s Basa of rlkbtiop stnxfures, deformedinterbeds
WA NIA 7a —~.;~ _ ~~

of unnamedfewermember
* Soft sediment,shear features.

and @up daets of mudstcme.
Middlepart shows a hint of

—. —---
~ Deformedgypsuminterbed.

subhorfzontafstratification.
Near the base, some interbeds

763
~ R@p daets of mudstone.

showboudirrstructures.

1— Microfamfneted,gypsum-rich
frrterbedsconsistingof micr-
lamirratedgypsumoccur at

“ — 763.7 mudstone,showssoftsediment 766.0 and 765.5.
—.. — deformation.

Reddish-brownmudstonefrom
—-— Trece of subhorfzontalstratification. 766.9 to 772.0. Dk@aye

765 —
abundantfibrous-gypsum-filled

-.— fracturesabove 770.0. Hintso
.—— subhodzontafstratification

preserved. Zone of

766 —
k Interbeds showingboudmstructures. subfrorizontafgypsum-filled

fredures between 767.5 and
768.5. Gypsuminterbed
occursat 770.0. Bafow770.0,

-— ..

767
mudstoneshowssmeared
intradaettexlure, deformedthi
faminaeand dsplaave nodule

.—— -——

768 . - ~ fi~fradures.
undantsubhorfzonkaffibrous-gypsum-

of gypsum. Lowercontact
sharp end eros”onaf.

lam, cmc,,,,-, ---

Figure 3-5b. Detailed geologic description of the CSdebra interval from H-19b4.
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— — ——

>rain
Sie

ercent

E

N/A

H-19b4

General
DescriptionsDescriptions

Shows smeared intractast texture.

Erosionalcontaclbetween Anhydrfte1
and Mudstone2,

Shows softsedimentshear.

Haliie pseudomorphsafter vertically-
orfentedprismaticgypsumcrystefs,
some to 1 in. high.

Haliie pseudomorphsaffervertically
orientedpriematicgypsumcrystaIs,
some to 1 in. high,some tippedand
slumped.

772.0 -781.5
Anhydrfte 1
Anhydrfte,microcrystalline,
gray, thinlylaminatedto
laminated. Strata are flat to
wavy and show low-angle
cross-cutfhgrelationships.
Some stratashowsoft
sedimentdeformation,
includingshear. Upper 2 ff
very gypsfferous.HaRe
pseudomorphsafter vertically
orientedprismaticcrystals
to 1 in. highoccurbetween
775.5 -776.5 and 779.5-
781.5. Corediskedbetween
778.0-779.0. Lowercontad
notobserved.

TR1-6115-91

Figure 3-5c. Detailed geologic descriptionof the Culebrainterval from H-19b4.

56



H-19b5

Clastic Grain
Material Size Depth Lith- Geologic

Descriptions +
General

Percent ~ (h) Ology Features Descriptions . ~
~~~ _2~ ~

000
I I I

736

I /
- — 736.7 Top of Culebrs— Culebra Dolomite

737 — /
/

I
—

/ — CrypteJgrdlayering, silty. 736.7 -747.2

/
CrrlebrsUnit 1

i’
i — Sk interfarrrinae. Dolomite,m“~oaystalline,

/
738 — /

/ wel14ndurated,misrolaminated
/ ne~eaeeaaeoae _ p~ible -ted gm”ns.

e.emoaeamcmea
to thintybedded. Strata are

/ /
‘ -q

flat to slightlywavy. Upper

I
739 —

2 ft very sitty,shows possiMe
/ soaredgrains. Interkurrinaeof

I / — 73e.3
/ Crushed

r J J? *$$
~— 738.5 Dark brownstain on parting.

pomfycemented siit-to day-
1
I

size dolomiteare rare at the

740 / ~ ====, _741
base and bermme more

No Recovery
mmmcmupwE@ they are flat
withminor undulationsalong

I
I

/
\ Darkstain on surface.

the upper and lower contacts.

I I 74i Beddingplane separations
/

I I / — Open fracture wfthaperture of -0.02 in.
offenshow dark brown day-

1 size material. Fewvugs,most

I I /
/

L7,
/

urrcamented. Microvugsare

I 742– ‘ moderatelyabundantbetween
/

.
I Darkbrownmaterialonbedding 743.0-744.5.shortsub-
1
I :

verfbaf fmctures occur between

1 I 743 —
some bedding planes, some
are filled with poikilotcpic

I
I i

gypsumcements. The upper
/

I
contactis sharp and marked by

I I 744 —
cryptalgallayering. Lower

I
contactinferredfrom core

/
i photographs.

1 745 — /

I
I
I 746 —

i / varycmlahed
I ‘

/

/.

Crushed dolomite,becomes silty below

I
747.3. Blocksize decreases downward,

747 — ‘/
I

from up to 5 in. to 1 in. on a side.

I
Darkbrownstainson someblock 747.2 -753.0

1
CuIebra Unit 2

I 746 — /
Most of the unit is crushed.

1 /
Blocksmneist of well-indurated,

I
microcrystallinedolomite,with

)
I

/
749 —

Cr’Ltefred 1- fXusheddo,omife,fargestblodca-2in. dofom[teflour. Dark brownand
abrmcf~tsilt-toalay-size

I _ 7W a on a side; dark brownand orange
:.....:.

I

orange stains occuron some

. : “: :“>””/ “ stains on fracture surfaces. Silty
‘749.7 do[omireflouro~rs.

blocksurfaces. Unit probably
intenselyfractured b situ. In

750 — No Recovery lower 1 ft. intactptecaa of core
containvugsboundadby small

I [ / –750.5 fractures bothare filled with
?

I 1 751 — ‘ / -
/
/ /

t

Veryvuggy blocksfrom 0.5 x0.5 in. to pokifotopicgypsumsements.

I I Cruehad 1 x 1 in. 3ome gypsurnin vugs. Dark Lowermntacf occursat silty

I stains on fracture surfaces. Po5sible dolomiteinterbadinferredfrom

I ;
I I

silt interbads Iocdty, as silt flour is present. ‘m pfrQ@J@=
752 ,- — 752.0

T“, e.. .- .,n.., W-.=-u

Figure 3-6a. Detailed geologic description of the Culebra interwd from H-19b5.
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H-19b5

;Iastic Grain
lateri~ Sjze Depth Liih- Geologic General

‘ersent (ft) Ology Features Descriptions Descriptions
_~=~

OOUY
Uwr. Ou)rn

I

I 752 / --% -
—’

I
/ /

~—752.4
753.0 -756.7

I Oruehed CulebraUnit 3
I 753 Most of the unit is crushed
I / or unrecovered. Blocksconsisl

/ of well-indurated,micro-
crystallinedolomite,with

754 — abundantsit!-to clay-size

NoRecovery
dolomiteflour. Dark brownanc
orange steins occur on some
blocksurfaces. Unit probably

755 – intenselyfradured in situ.

I

Between755.5and757,1,a

I
/

/ ‘
, /

Crusheddolomite,piecesmoderately
subvertisalfractureis infemed

1 756 — /
from core photographs. The

well-indurated,some siltymateriel.
1 Crusded Possiblesubverticalfracturethroughthe

lower contactccoureat a silty

I crushedintetvel Darfcsteinson some
dolomiteinterbedinferredfrom

I blocksurfaces. mre photographs.

I 757 — 756.7 -781.2
I
I

Culebre Unit 4
/ Dolomfte,mioroo$ystalline,

/
I 758 —

well-indurated,mntains inter-

1 beds of poorlycementedsllt-

1
I

/
to clay-size dolomitenear the

. . . . . . . .
1

top of the unit. Microvugsare
759 —

I
moderatelyabundant.

I
— Dark stainon subverticelfracture. Bedding-planeseparations

/
I

/ ocourfrequentlyend often

I
show corroerrtrafionsof dark

760 brown day-size material.
NoRSCOV13Y

I
— 760.5.

Lower 0.7 ft is thinlylaminated

. . . . .
I

to very thinlybedded. Strata

761 — ~~ : l-~%%$%%:e$z:s%%%t a. ~~$~~~n~~~ption

“l& ‘76’2 ‘=ofcu’ebm

contaotis sharp.

.
762 — . ..”.-

783 —

Tnl.sifs.!x.... . ...-

Figure 3-6b. Detailed geologic description of the Culebra interval from H-19b5.
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H-19b6

>Iastic Grain
!aterial Size Depth Lith- Geologic General
Peroent . (ft) Ology Features

Descriptions Descriptions
~= ~

2s2 Ozim

736 Tamarfsk Member
— Top of core Anhydrfte 2

737 —
Anhydrffe,microuystaltineto
finely aystefliie, gypsiferous

— near base. Carbonate-rich
—

WA NIA
microlaminaeseparate irregular

738 —
to wavy thin Iaminae to Iaminae

— — of gypsiferousanhydrite. Lower
contactsharp.

Culebra Dolomite
\

I 1 739 / - — 739.0 733.0-749.1
I Partlycrushed,silty,showsayptafgal CuIebre Unit 1
I f’ layering.Containsa fewvugq some Dolomite,microcrystalline,

/ ——— —

/ ;
/

740 —
~ open microfractures. wel!-fndurated,microfaminated

/ —_——-—.
I

to thinlybedded. strata are
I ..<- —_— —

~ — 740.5 flat to .sIightfywavy. Upper
1.5 ft very silty. Interfaminae of

741 — NoRemvsry pcaly cemented silt-to clay-
size dolomiteare rareat the

I I / / crushed — 741.5 base and become more

I
742 — /

commonupwati they are flat

! /

/
I

withminor undulationsatong
%bverfical fracturesfilledwith the ~rand lower contacts.

I prkiiotoprc gypsum. Beddingplane separations
oftenshow dark brown clay-

/ 743 — /
I / 1- Slightfycrushed, dti brownstain on

s“uematerial. Few vuge, mcd

I subhonzontalparting.
urrmmenfed. Short subvertical
fractures occurbetween some

i 744 —
baddingpfan~ somearefilled@

1 /.
withpoikilofopicgypsum

I I / . 1- Dark brown stain on subhorizonteJ cements. The uptxx mntact is

I
I I 745 — ‘

sha!p and retied by sryptalgel

/ layering. Lower oontacfomurs

I / at silly dolomiternterbed
I — 745.5 (inferredfrom care photographs)

746 — NoRecovezy

I I / — 746.5

I
749.1 -753.7

/ Core mainlycrushed.Textureinterpreted culeb~ fJnjt2
I 1 747 — from mre photo.At feasttwo needy Mostof the unit is crushad or
I I / verticalfractures in this zone, they may

I
unremvered. Blocksconsistof

/
I I

persistfor up to 2 ft. Darkstainsare wall-indurated,micrmrystalline

I I 748 – /
presenton somefracturesurfaces. dolomite,wfthabundantsilt-to

I
Poildlotopicfracfurefillings0.05to 0.1 in. ~ay.sizedo[~~e f~ur. Da~

I
1 I /

thick.SOme gypsum-filledvugs to 0.5 in. brownand omnge stains omur

I 1
Possible thick silty interbeds between on some blocksurfaces. Unit

I I 749 — . /
749.1 tO 749.4 and 750.1 to 750.2. probablyintensefyfractured

I 1
I

rhsitu. In mre photographs,
I ,

/
1

smalI -to moderate-size blocks
[ /

I

showa general vertical fabric.
I 750 — Somecore pieces show gypsum

I I / cemented vugsto 0.75 in.
/ — 750.6

diameter and poikilofopic
gypsumfracturefiIlingsto 0.1 in.

751 — No%20vw
th~ Mayhaveoriginallyhad
some siltyinterbadsas mre

I II — 751.5
pieces are coated with a sit!-to

/
clay-size dolomiteflour. Lower

I 1[
752 — / , fi~?#z I contactnotcbsetvad.

m, -.. ““”n

_. ,. . ...... . . .... . . . . .,..,. —-. —...

,ru-w, ,.-. UPU

Figure 3-7a. Detailed geologic description of the Culebra interval from H-19b6.
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H-19b6

:Iastic Grain
Iateria] ~ze Depth Liih- Geologic

Descriptions
General

?ercent ~“ (ft) Ology Features
>

Descriptions

:gg s~a
Ooo1

{“ II 752 /
1 II

Core entirelycrushed.Texture

I II
~+

/ “, .T

/
/

2 r interpretedfrom corephoto.

I II
Dtibrown stains on some

-H fracturesurfaces.
7552 -757.2

I II 753 — Culebra Unit 3

1 1! Mostof the unitis crushed

— 75s.7
or unrecovered. Blocksconsist

754 —
of well-indurated, micro-
crystalline dolomite,vdth

NoRecovery
abundantsilt- today-size
dolomiteflour. Dark brown and

755 —
orange stainsoccur on some

I / / — 755.2 blocksurfaces. Unit probabfy

I Core partlycrushed.Contains
intensefyfreoturedin situ.

-- I largermicrovugsto 0.1 in. Some
Lowercontactnot observed.

-—.—. -
-) -_\ 756 —

;
poikilotopicgypsumfracture
fil~mgs.Siltydolomiteirterbeds

I
I

at 755.8 and 756.1.

757 —

759.2- 7fl.5
Culebra Unit 4
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Figure 3-7b. Detailed geologic description of the Culebra interval from H-19b6.
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H-19b7
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Figure 3-8a Detailed geologic description of the Culebra interval from H-19b7.
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Figure 3-8b. Detailed geologic description of the Culebra interval from H-19b7.
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Table 3-1. Thicknesses of Culebra Hydrostratigraphic Units in H-19 Cores

Well CU-1 Core CU-2 Core CU-3 Core CU-4 Core Total Core
Thickness Thickness Thickpess Thickness T~ckness

(ft) (ft) (ft) (ft) (ft)
H-19b0 9.8+ 5.4 3.3 5.8 24.3+
H-19b2 9.7 3.7+ Not 0.7+ 14.1+

Recovered
H-19b3 11.0- 4.3+ Not Not 15.3+

Recovered Recovered
H-19b4 10.2 5.0+ 1.6 4.7 21.5+
H-19b5 10.5 5.8 3.7 4.5 24.5
H-19b6 10.1 4.6 2.0+ 2.3+ 19.0+

H-19b7 9.2 4.8+ 2.8+ 4.9+ 21.7+
Average 9.9* 5.2* 3.5” 5.0” 23.6”

NOTR Total core t.licknessis a sumof the averagethicknessof eachhydrostratigraphicunit.
+ Upper or lowercontact of the unitwasnotpresentin the core, andunitthickness is
greaterthanthe thicknesslisted.
- Anount of core loss assignedto the intervalcontainingthe hydrostratigraphicunit
~ay be too grea~yielding a thicknessthat is too large.

Averagesincludeonly completecoreintervals(thosenot markedby+ or-).

Dark brown stains also occur along other bedding-plane separations. Laminae of poorly
cemented, silt- to clay-size (chalky) dolomite are rare at the base, but become more common
upward. The kuninae ae flat with minor undulations along the contacts. Core often separates
along these interlaminate. Partially cemented chalky dolomite with crypts.lgal layering makes up
the upper 1 to 2 ft of CU-1. These features are consistent with the organic-rich, crinkled “algal”
larninae or stromatolitic mounds observed at the upper contact of the Culebra by Holt and Powers
(1984, 1988). This zone may also contain oolites or coated grains. Fractures are less common
than in lower units, are usually parallel to bedding planes, or may propagate subvertic@y from

bedding plane to bedding plane. CU-1 typically contains very few large vugs, although
microvugs are common and frequently parallel stratification. Poikilotopic gypsum cements fill
some vugs, microvugs, and fractures. The upper contact of the Culebra is sharp and distinct.

The thickness of the second hydrostratigraphic unit (CU-2) varies between 4.6 and 5.8 ft
in complete cores from the H-19 hydropad (Table 3-l). CU-2 corresponds to MS mapping unit
3a. Only three cores from the H-19 hydropad contain the entire thiclmess of CU-2, and
recovered CU-2 core is mostly crushed. CU-2 is intensely fractured in the AN and was
described by Holt and Powers (1990a) as a packbreccia. The term packbreccia (Morrow, 1982)
refers to a highly broken rock with limited rotation of the broken pieces. At the H-19 hydropad,
CU-2 consists of laminated to thinly bedded dolomite exhibiting cross-cutting relationships.
Strata are mostly parallel and flat, although some low-angle cross-stratitlcation, ripple cross-
larninae, and ripple forms are preserved. Interbeds of chalky dolomite from 0.5 in. to 3 in. thick
become more abundant near the top of CU-2. Subhorizontd burrows up to 2 in. long and 0.5 in.
in diameter occur within well-indurated dolomite. Small-scale, soft-sediment deformation is
locally abundant as strata are slumped, sheared, and disrupted to varying degrees. Near the base,
chalky dolomite strata typically are disrupted and may form irregular masses. Vugs and &psum
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nodules, to 3 in. diameter, are locally abundant in CU-2. In places, these vugs give the ufit a
honeycombed appearance and disrupt and disconnect strata. Holt and Powers (1988) report that

the margins of vugs in the Culebra show soft-sediment displacement. Some vugs are partly to

completely collapsed. Nearly all vugs are interconnected by fractures. Crushed core pieces range
from <0.5 in. to -4 in. on a side. Based on photographs taken of the cores prior to removal from
the core barrel, it is likely that fracture spacings occur at a similar scale. Fracture and block
surfaces are frequently stained orange or dark brown. The upper contact of CU-2 is arbitrarily

placed at a silty dolomite interbed.

The third hydrostratigraphic unit in the Culebra (CU-3) is between 3.3 and 3.7 ft thick in
complete H-19 cores (Table 3-l). It corresponds to AIS mapping unit 3b. At borehole H-19b0,
fluid logging indicates that the greatest flow rate into the borehole occurs within CU-3
(13eauheirn et al., 1997). Complete recovery of this zone during H-19 coring activities was
achieved only at boreholes H-19b0 and H-19b5. Even when all of CU-3 was recovered, the
majority of the unit was crushed during coring activities. At the MS, Holt and Powers (1990a)

describe this unit as a packbreccia because of its intensely fractured appearance. Ihtact pieces of
core from CU-3 are rare and show wavy discontinuous thin laminae with some low-angle cross-
cutting relationships. Crushed core consists of blocks of well-indurated, microcrystalline
dolomite with abundant silt- to clay-size dolomite flour. Blocks range in size from <0.5 in. to -
4 in. on a side. The dolomite flour is probably derived from irregular, highly discontinuous and
deformed larninae and very thin beds of chalky dolomite found elsewhere in CU-3 (e.g., Holt and
Powers, 1990a). Photographs of the core, prior to its removal from the core barrel, show that the
unit is intensely fractured. Holt and Powers (1990a) report that large open vugs from this
interval are partly to wholly collapsed at the AUS. Fracture surfaces commonly display an orange
or dark brown stain. The upper contact of CU-3 is arbitrmily assigned to a silty dolomite

interbed that is persistent across the H-19 hydropad.

The lowermost hydrostratigraphic unit (CU-4) corresponds to AIS mapping units 3C and
4. At the H-19 hydropad, its thickness ranges from 4.5 to 5.8 ft in complete cores (Table 3-l). Jn
WIPP shafts, the lower contact of the CU-1 is irregular and undulatory, with undulations up to
3 ft (Holt and Powers, 1986; 1990a). Similar undulations maybe present at the H-19 hydropad.
The lowermost 0.5 to 0.7 ft consists of thinly laminated to laminated dolomicrite with thin
argillaceous partings. This zone is equivalent to AIS mapping unit 4, and at the MS, the
structure of these huninae mimic the lower contact. Where the undulations at the lower contact
are most extreme, the laminated dolomite is often brecciated (e.g., Holt and Powers, 1986).
Minor amounts of brecciation were observed in this zone at H-19b0. The remainder of CU-1 is
thinly laminated to very thinly bedded. These strata are mostly flat to wavy and show low-angle
cross-cutting relationships. Near the top of CU-4, several interlaminate of chalky dolomite occur.
These interbeds show moderate amounts of soft-sediment deformation. Large gypsum nodules
and vugs (up to 1.5 in diameter) may occur in the lower 1 ft of this zone. Some of these nodules
and vugs show evidence of collapse. Gypsum-filled, subvertical fractures connected with

angular, gypsum-filled pore spaces are preserved in some H-19 cores (e.g., H-19bO). The shapes
of these features are consistent with minor amounts of downward displacement with horizontal
extension. Cores of CU-4 often separate along bedding planes (spaced 0.2 to 1.0 ft) showing
orange or dark brown stains. Gypsurn-fried or open, subvertical fractures also showing dark
brown or orange stains terminate at these bedding planes. Small, open vugs (<0 .1 in ) are
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common in CU-4 and appear to be concentrated in the vicinity of bedding-plane partings. The
upper contact of CU-4 is sharp and is arbitrarily assigned to a silty dolomite interbed.

3.2 Geologyof theRustlerFormationatthe H-19Hydropad

The entire Rustler section above the Culebra was cored in borehole H-19bl. The core was
described in detail using the informal Rustler stratigraphic subdivisions of Holt and Powers
(1988) shown in Figure 3-9. Figures 3-10% b, and c present a graphic log depicting the geologic
features observed in the upper Rustler. Ih this section, the geologic features observed in each
unit and their implications are discussed.

Anhydrite 2 (A-2) is the lowermost unit of the Tamarisk Member and occurs in the depth
interval from 722.4 to 732.6 ft. It consists of locally gypsiferous microcrystalline anhydrite
interlaminated with minor amounts of carbonate. Between 728.1 and 732.6 ft, A-2 is thinly
laminated to very thinly bedded, and strata are wavy with low-angle cross-cutting relationships.
Small anhydrite pseudomorphs after vertically oriented prismatic gypsum crystals occur between
730.5 and 730.1 ft. An irregular zone containing large coarsely crystalline gypsum occurs
between 731.0 and 732.5 ft. Between 727.65 and 728.1 ft, a siltstone displaying wavy to
contorted, thin laminae to kuninae and smeared intraclast textures occurs. Above 727.65 ft,
gypsiferous anhydrite shows relict thin Iaminae to very thin beds. StratiJ3cation becomes less
common above 724.3 ft, and a nodular fabric occurs. Gypsurn occurs in irregularly shaped zones
below 725.5 ft, and a zone containing coarsely crystalline gypsum occurs at 725.0 ft. The upper
contact of A-2 is sharp and irregular. The lower contact of A-2 was not observed.

Mudstone 3 (M-3) occurs in the Tamarisk in the depth interval from 709.25 to 722.4 ft.

Between 720.3 and 722.4 ft, M-3 consists of mudstone. It displays abundant rounded to angular
pebbles and granules of gray and red siltstone showing soft-sediment deformation and small
angular cobbles of anhydrite and microkuninated mudstone. Smeared intraclast textures (e.g.,
Holt and Powers, 1988) are also present. Some fractures filled with fibrous gypsum cross-cut
breccia clasts. A large, displaced block of laminated anhydrite occurs between 718.5 and 720.3
ft. Mudstone-supported pebbles of siltstone and mudstone occur between 718.2 and 718.5 ft.

The upper surface of the mudstone shows slickensides that do not parallel the dip of the contact.

Between 717.25 and 718.2 ft, a second large, displaced block of laminated anhydrite occurs.
Strata within the displaced blocks of anhydrite ae discordant with the block-bounding surfaces.
Above 717.25 ft, M-3 consists of mudstone-supported granule- to cobble-size breccia clasts of
mudstone and laminated anhydrite. Smeared intraclast textures are preserved locally. The upper
contact of M-3 is sharp.

Anhydrite 3 (A-3), the uppermost unit in the Tarnarisk, occurs in the depth interval
between 650.3 and 709.25 ft. It consists of microcrystalline anhydrite interlaminated with minor
amounts of carbonate. Holt and Powers (1988) subdivided A-3 into three zones, which are
present in the H-19bl core. The lower zone, A-3G occurs between 685.0 and 709.25 ft. Strata
are wavy to slightly irregular thin laminae and very thin beds showing low-angle cross-cutting
relationships. Anhydrite rip-up clasts occur at 708.5 ft. Anhydrite pseudomorphs after vertically
oriented prismatic gypsum crystals become more common upward and range in size from

<0.06 in. to >2 in. The middle zone, A-3b, occurs between 667.0 and 685.0 ft. Strata are wavy,
thin laminae to very thin beds showing low-angle cross-cutting relationships and soft-sediment
deformation. The crushed prism texture (Holt and Powers, 1988) characterizes this zone.
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Triassic Rocks and
Dewey Lake Redbeds Siltstone/Claystone

Anhydrite 5

Forty-niner Member
Mudstone/Halite 4

Anhydrite 4

Magenta Member Dolomite

Tamarisk Member

CulebraDolomite
Member

unnamed
lower member

L , 1

Anhydrite 3

Mudstone/Halite 3
--- .-
----

\“ {

,
\

Anhydrite 2

Lv’x’~/?)2 , Dolomite

Mudstone/Halite 2

Anhydrite 1

WiEllMudstone/Halite 1

A Transitional Sandstone Zone
—
——

m “’’’’”a’
Salado Formation

Figure 3-9. Rustler stratigraphy.
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Figure 3-10a. Detailed geologic description of the upper Rustler interval from H-19bl.
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H-19bl

Depth Lith- Geologic
(f’t) Ology Features Descriptions

640 -}—
\ \

\

\

650—\
w

I

SW.3 -709.25 ft
Arrhydrite 3 (A-3)
Microcrystallineanhydrifeinterlaminatedwffhminor amounts of carbonate. The fewer zone,
A-3a of Heft and Powers (1988), occursbetween SS5.0 and 70925 ft. Strata are wavy to
sfightlyirregular,thin Iatninaeto very thinbadq some strata show low-angle rxcrss-cuffing
relefionshi~, anhydriteripupsfastsoccurat708.5k anerosionalsurfasa orxurs at 699.7 m
anhydrffepseudomorphsafterverticallyorientedprismaticgypsumcrystafsbecomemore
commonupwardand rangeinsizefrom c 1/16in, to >2 in. The middlezone,A-3b,occurs
between667.0and 6S5.0ft. strata are wavy, thin Iaminae to very thin beds showingfow-
angle msscutting relafionsfrii and localsoftsediment deforrnatiomthe cxushedprism
texture (e.g., Holt and Powers, 198a) is common through this zone; some small (c 1/2 in.)
anhydrite pseudomorphs after vertically oriented prismatic gypsum s@afs are preserved
possible desiccationmasksoccurat 682.3,679.7, and 6SS2 ft. The upper zone, A-3c,
occurs between 650.3 and 667.0 ft. Strata are wavy to contorted,very thin laminae to very
thin beds showfnga bedded nodularfsbric (e.g., Holt and Powers, 1990a~ softsediment
deformationwith shear occursat 663.5 m possibledesiccationcracks occur at 663.0,661.5,
and 656.5 ft. A-3 is intenselyfracturedand collapsednear base, and the amountof disruption

150- decreases upwd individualbrecxiadasts are abundant near the has% upward,strata are
200 cross-cutby irregularfractures,and adjacent strata separeted by these fractures may be

highlydscordant, indicatingthatthe fractures represent boundingsurfaces between rotatad
breccfa blockq strata withinsome blocksare rotated> 90°; block size increases upwarcL
small breccia blocks~ear to be concentratedin frfghfydisruptedzones boundinglarger
blocks between 706.8 and 70925, rotatedand dsplaced cobble-sizeblocksof anhydriteare
cemented by gypsurnhhydrikx fracture spacing,the amount of rotationof intactblocks,and
number of smaflblocksin disruptedzones decrease upwarcLday offen occurs alongthe
merg”msof ‘intactblocksof bedded anhydrftwgypsum is most abundant afong marginsof
blocks but afso locallyoscrrrswithinlarge blcck%at the lower oontact,strata terminate into
a zone containingcoarse gypsumcrystafs between 6S9.0 and 690.0 ft. beddingterminates

eon into large. 1 in. to 2 in. equidimensionalgypsumcrystalsshow-rigtriple junctionsbetween the
crystefsand texturesindicatingthe exclusionof clay minerab kuge gypsumcrystafswithday

5.. concentratedalong crystalmarginsafso occurat 678.0 % many fradures show vs@rg
,.. amounts of dsplacament; the uppermost fracture showfngcbviousdisplacementoccursat
~.- 669.8 ft. The uppar sontastof AS is gradationalover 02 ft.

~L\~F

v—

—v—-
—.. —.-.

..—.

720

709.25-722.4ft
Mudstone3(M-3)
Between720.3 and722.4ff, mudstonecontainingabundantroundedto angularpebbh?sand
granules of gray end red siltstoneshowingsoftsediment deformationend small angufar
cobbles of anhydriteand mirxokrminatedmudstone,shows smeared intradast texlure (e.g.,
Hoff and Powers,1988); a fracturefilled withfibrousgypsum cross-arts breccia sfastsat 721.7 ff
Anhydrftedisplayingdpping strata (15”- 20”) occursbetween 718.5 end 720.3 m the lower

‘rmells+w

Figure 3-10b. Detailed geologic description of the upper Rustler interval from H-19bl.
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H-19bl

Depth lJtih- Geologic
(ft) Ology Features Descriptions

720 ~111’”
~E% =0

/.

00000 surface dips > 20°; strata terminate discordantlyalong the lower surface indicatingthat ths is a
‘ ~ floatingblockof down-droppedanhydrifq a fradure containingfibrousgypsumoccursat the

lowersurface,andfibersare orientedhorizontally.Between 718.2 and 718.5 ft. mudstone
containingpebbles of siltstoneand mudstonecccuw the upper surfaceshows slickensides
that do notparallel the dip of the mntact. Between 71725 and 7182 ft, laminatedanhydrfte

——- ocwrq strataare d~rdant wfththe lowercontact. Between 70925 and 71725, mudstone

730 —
containsgranule-to cabble-sfzebrecda dasts of mudstoneand faminatedanhyddte;smeared
intradasttexturesare preserved focafl~ mcd bm”a occurs between 711.5 and 716.0 ft.
The uppercontactof M-3 is sharp.

722.4-732.6 ft
Anhydrite 2 (A-2)
Microcrystallineanhydriteinterlaminatedwithminoramounts of carbonate, locallygypsiferous.

740
Between728.1 and 732.6 ft, anhydrfteis thinfyfarninatedto verythinfy bedded, strata are wavy
with fowangle crmsurtting relationships,and smafl anhydrite pseudomorphsafter vertically
orientedprismaticgypsumcrystafsoccurbetween 730.5 and 730.1 ft; an imgufar zone
containinglargecoarsely orystaflinegypsumoccursbetween 731.0 and 732.5 ft. Between
727.65 and 728.1 ft, a siltetonedisplayingwavy to contorted,thin farnhraeto Iaminae and
smearedintradasttexhmes occurs. Between 722.4 and 727.65, gypsiferous anhyddte ossuw
it showsrelictthin karninaeto very thii bec& it bemmes nodufarabove 724.3 fi gypsum occurs
in irregularlyshaped zones below725.5 ft; a zone containingcoarselycrystalhnegypsum
occursat 725.0ft. Theuppercmtacfof A-2 is sharpand irregular. The lowercantactof A-2
wasnot&served.

TDLm,cc,,u
,S, r”, ,“--,.7.4

Figure 3-1OC. Detailed geologic description of the upper Rustier interval from H-19bl.
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Some small (<0.5 in.) anhydrite pseudomorphs after vertically oriented prismatic gypsum crystals
are preserved. The upper zone, A-3c, occurs between 650.3 and 667.0 ft. Strata consist of wavy
to contorted, very thin laminae to very thin beds showing a bedded nodular fabric (Holt and
Powers, 1990a). In both A-3b and A-3c, possible desiccation cracks occur locally. The upper
contact of A-3 is gradational over 0.2 ft.

A-3 is intensely fractured and collapsed near its base; the amount of collapse decreases

upward. IMividual breccia clasts are more abundant and smaller near the base of A-3. The

block size increases upward and, in general, the amount of rotation decreases. Large blocks are
distinguished by dipping strata that are discordant with bounding surfaces. Strata within some
blocks are rotated >90°. Small breccia blocks appear to be concentrated in highly disrupted
zones bounding larger blocks. Clay often occurs along the margins of intact, rotated blocks of

bedded anhydrite. Gypsum is most abundant along margins of blocks but also occurs locally
within large blocks. Gypsum textures indicating possible recrystallization occur locally. These
textures include strata terminating into a zone containing coarse gypsum crystals, large
equidimensional gypsum crystals showing intercrystalline triple junctions, and textures indicating
the exclusion of clay minerals. The uppermost fracture showing obvious displacement occurs at
669.8 ft.

The Magenta Member of the Rustler Formation occurs in the depth interval between
625.0 and 650.3 ft. The Magenta consists of gypsum- and dolomite-cemented silt- to sand-size
grains of dolomite. Cryptalgal layering and stromatolites occur in the lower 2 ft. Strata within
the remainder of the unit consist of flat to wavy to lenticular thin laminae and very thin beds
showing Iow-angle cross-cutting relationships. Some tipple cross-larninae also occur. The

condition of the Magenta core generally is poor when compared to other WIPP cores. The core
shows moderate disking locally and is crushed in several intervals. In addition, the core is split

along a subvertical fracture between 638.4 and 642.2 ft. No core was recovered between 635.2
and 638.0 ft. In general, the lower portion of the Magenta is soft and poorly cemented. Some.
gypsum nodules are present, and coated grains occur between 627.0 and 628.0 ft. The upper
contact is gradational.

Anhydrite 4 (A-4) is the Iowennost unit of the Forty-niner Member and occurs in the
depth interval “from 609.8 to 625.0. ft. A-4 consists of locally gypsiferous microcrystalline
anhydrite. It is thinly laminated to very thinly bedded and locally shows bedded nodular textures.
Strata are wavy and slightly irregular. Gypsum is most common near the base, where it occurs as
fibrous fdlings in subhorizontal fractures. The upper contact is sharp.

Mudstone 4 (M-4) occurs in the Forty-niner in the depth interwd from 595.6 to 609.8 ft.
It consists of argillaceous to sandy siltstone and locally contains gypsum nodules and crystals.
The lower 2.5 ft is gray siltstone showing hints of irregular, deformed, wavy, thin laminae. At
607.5 ft, rounded and angular clasts of siltstone occur. Above 607.5 ft, red siltstone displays

wispy thin larninae that are locally deformed and slumped, and some soft-sediment shears and

smeared intraclast textures are evident locally. An erosional contact occurs at 605.2 ft. Above
this contact, the siltstone becomes argillaceous and displays possible smeared intraclast textures
and wispy thin larninae. No core was recovered between 600.5 and 603.0 ft. Sandy siltstone
occurs between 596 and 597 ft. The upper 0.5 ft of M-4 is gray. The upper contact is sharp and
distinct.
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Anhydrite 5 (A-5) is the uppermost unit of the Forty-niner and occurs in the depth
interval from 566.6 to 595.6 ft. Core from A-5 is disked and broken and coated with a gypsum
flour that obscures sedimentary structures. It is a locally gypsiferous, microcrystalline anhydrite
with wavy to slightly contorted, thin kuninae to very thin beds. Bedded nodular textures occur
locally. The upper contact of A-5 with the Dewey Lake Redbeds is sharp and erosional.

The sedimentary structures observed in the Rustler at H-19bl are consistent with those
reported by Holt and Powers (1988, 1990a) and Powers and Holt (1990). Rustler units above
A-2, however, show evidence of upward stoping, brecciation, and collapse. Stratigraphic
disruption appears to originate in the M-3/H-3 interval. These features are strong evidence of
post-depositional dissolution (Holt and Powers, 1990a). The collapse features observed at
H-19bl are similar to those reported at H-3b3 by Holt and Powers (1988). At H-3b3, Holt and
Powers (1988) estimate that as much as 30 ft of halite was removed from the M-3/H-3 interval.

They also report minor amounts of collapse originating in the M-3/H-3 interval at H-n. Holt
and Powers (1988) suggest that, if present, post-depositional dissolution of halite from Rustler

mudstone/halite units would most likely be found in a boundary zone between tie region known

to contain halite and the region where sedimen~ features indicate that halite did not survive the
deposition of the overlying unit. They also suggest that boreholes H-3b3 and H-11 fall within

this zone. The H-19 hydropad is situated in the same region. Because the disruption observed at

H-19bl occurs above the Culebr~ it is unlikely to have affected Culebra hydraulic properties.
The vertically averaged hydraulic conductivity of the Magent~ however, maybe increased at the
H-19 hydropad.

The timing of the dissolution and collapse observed at H-19bl remains unknown.

Nevertheless, some timing relationships are evident in the core. Because fractures filled with

fibrous gypsum cross-cut and bound some breccia clasts, these fractures must post-date
dissolution and collapse. The fibrous habit of the fracture-filling gypsum indicates that the
fractures were fdled with gypsum as they opened (Holt and Powers, 1990& Durney and Ramsay,
1973). The age of these fractures is unknown, but they maybe very old. Similar gypsum-ffled
fractures in the Dewey Lake Redbeds developed syndepositionally (Holt and Powers, 1990~ e.g.,
Figure 16).

3.3 Perched Water Tables in the Dewey Lake Redbeds

The entire section of Dewey Lake Redbeds was cored at H-19bl. During the drilling,
moisture was fiist encountered at a depth of 184 ft. At boreholes WQSP-6 and 6% 1.2 miles west

of H-19, a perched water table was encountered at a depth of approximately 164 ft (Beauheim
and Ruskauff, 1998). In addition, water has been encountered in several boreholes near the
southern WIPP-site boundary and several stock wells south of the WIPP site are possibly
completed in a perched aquifer in the upper Dewey Lake Redbeds (Mercer, 1983). Holt and

Powers (1990a), who also described moisture in the upper part of the Dewey Lake at the MS,

noted that the lower part of the Dewey Lake Redbeds was cemented with a very hard material,
probably anhydrite or gypsum, and was characterized by abundant gypsum-filled fractures. They
reported that the upper Dewey Lake was poorly indurated, weakly cemented with carbonate,
contained no gypsum-ffled fractures, and was moist (Holt and Powers, 1990a). The transition
between. the two cement types was abrupt and occurred at a depth of 164.5 fi. Coincident with
this change in cement, fractures became filled with fibrous gypsum, and no moisture was
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observed below the cement contact. Holt and Powers (1990a) hypothesized that perched water
tables elsewhere in the Dewey Lake may rest on this cement change. Supporting their
hypothesis, borehole video logs fkom WQSP-6a reveal that most water inflow into the borehole
occurs above the f~st occurrence of gypsum-fdled fractures.

A portion of the Dewey Lake core from borehole H-19bl was described in detail to test
the Holt and Powers (1990a) hypothesis. Based on the reported frost occurrence of moisture, the
depth interval between 169.0 and 209.4 was chosen for description. In this interval, the Dewey

Lake Redbeds consist of interbedded medium to very fine sand and silt in upward fining

sequences ranging from <1.0 to -4.0 ft thick. Strata are primarily flat thin kminae to very thin
beds, although some ripple cross-stratilcation and low-angle cross-cutting relationships are
evident in the core. Some soft-sediment slump features, including probable pillow structures, are

present. Rip-up clasts occur locally. Below a depth of 201.0 ft, the Dewey Lake sediments are

well-indurated and hard, poikilotopic cements are evident along broken pieces of core, and
fractures are ffled with fibrous gypsum. Above 201.0 ft, the Dewey Lake is poorly indurated and
soft. Bedding-plane separations and other fractures have no gypsum fillings or linings, although
some fracture surfaces appear to have a carbonate coating. Open fractures are occasionally
preserved within intact pieces of core.

The Holt and Powers hypothesis is supported by the observations at H-19bl. The cement
change observed by Holt and Powers (1990a) at the AIS is also present at H-19bl, in roughly the
same stratigraphic position (365 ft above the Rustler/Dewey Lake contact at H-19bl vs. 348.5 ft
above the contact at the AIS), and moisture appears at 184 ft. Thus, it is likely that this cement

change has signitlcant areal extent. The reduction in permeability caused by the cement change

probably represents a si@lcant imped~ent to vertical itilltration of water. lf the inilkration
rate exceeds the vertical, saturated hydraulic conductivity of the well-cemented portion of the
Dewey Lake, pending wiII occur on the surface defined by the cement change. Under these
conditions, local relief on the surface will define the areal extent of any perched water zone.

Holt and Powers (1990a) akso suggested that this cement change may reflect the depth
and extent of infiltration of recent meteoric water. Evidence fi-om Nash Draw, however, does not
support this assertion. The lower part of the Dewey Lake is exposed along the southern part of
Livingstone Ridge. Stratigraphically higher sections of the Dewey Lake are exposed northward
along Livingstone Ridge. Along Livingstone Ridge, the Dewey Lake is unconformably overlain
by the Gatuiia Formation and the Mescalero caliche. The MescaIero ctiche began to form
approximately 510,000 years ago (13achman, 1985). If the cement difference observed in the
subsurface is related to the dissolution of cements from Gatuiia-age or younger near-surface
groundwaters, no gypsum fracture fillings would be preserved in Dewey Lake outcrops.
However, fibrous gypsum fracture fdlings are present in Dewey Lake outcrops along most of
Livingstone Ridge. Jn the uppermost part of the Dewey Lake, e.g., new Maroon Cliffs, no
gypsum fracture ftigs are observed, suggesting that the cement change is unrelated to recent, or
even Cenozoic, processes. Because sulfate cements in the Dewey Lake are in part
syndepositional (Holt and Powers, 1990~ 1990b), the cement change observed in the WIPP area

may reflect a syndepositional change in groundwater chemistry, or it may indicate dissolution of

sulfate cements during a period of intense groundwater circulation (e.g., the Mesozoic). Without
further investigation, however, the spatial distribution of this cement change or its origin cannot
be known.
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3.4 Summary

At the H-19 hydropad, the CuIebra can be subdivided into four distinct hydrostratigraphic
units. These hydrostratigraphic units correlate with mapping units identified by Holt and Powers
(1990a) in the Culebra at the WIPP AIS. The uppermost hydrostratigraphic unit (CU-1) is

massively bedded and fractures are primarily subhorizontal, follow bedding planes, and are

widely spaced. The average recovered thickness of CU-1 at the H-19 hydropad is 9.9 ft. The
second and third hydrostratigraphic units (CU-2 and CU-3) are lithologically similar. They rue
intensely fractured with fracture spacings as small as 0.5 in. The average recovered thiclmesses
of CU-2 and CU-3 are 5.2 and 3.5 ft, respectively. The lowermost hydrostratigraphic unit (CU-4)
is moderately fractured, and its average recovered thickness is 5.0 ft.

The entire upper part of the Rustler Formation was cored at borehole H-19bl. The
sedimentary features preserved in this core are consistent with those reported by Holt and Powers
(1988). Textures indicating brecciation, upward stoping, and collapse originate in the Tamarisk
Member mudstone (M-3/H-3 of Holt and Powers, 1988). Similar features occur at the H-3 and
H-1 1 hydropads. Holt and Powers (1988) interpreted these features as the product of post-
depositional dissolution of halite from the Tamarisk mudstonehlite interval. They suggested

that these boreholes occur in a zone that marks the original depositional margin of halite in the
Tamarisk Member. The H-19 hydropad is located in the same region.

Several boreholes in the region south of the WIPP site, including H-19bl, have
encountered perched water or moist zones in the upper part of the Dewey Lake Redbeds (see
Mercer, 1983). In the AIS, moisture was also observed in the upper part of the Dewey Lake

(Holt and Powers, 1990a). At the AIS, this moisture occurred above a change in the material
cementing the Dewey Lake sediments. Descriptions from the H-19b 1 core reveal that moisture
encountered during drilling occurs above a similar cement change and support the hypothesis that

the cement change is a regional feature that may control the occurrence of water in the upper

Dewey Lake Redbeds (Holt and Powers, 1990a).
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1. INTRODUCTION

1.1 Purpose

The Waste Isolation Pilot Plant (WIPP) is a U.S. Department of Energy (DOE) ,research

and development facility designed to demonstrate the safe disposal of transuranic wastes resulting

from the United States’ defense programs. The WIPP repository is excavated in the bedded halite

of the Salado Formation, 2150 ft below land surface. At the WIPP site, the Salado Formation

is approximately 2000 ft thick and is overlain by the approximately 300-ft-thick Rustler

Formation, the 500-ft-thick Dewey Lake Red Beds, and approximately 50 ft of surflcial deposits

ranging from weathered sedimentary bedrock to Quatema~ eolian deposits (Figure l-l). The 24-

ft-thick Culebra Dolomite Member of the Rustler Formation is the most transmissive saturated

bedrock unit above the WIPP repository and is considered to be the most likely pathway for

radionuclide transport to the accessible environment in the event of a breach of the repository.

Evaluation of WIPP’S compliance with 40 CFR 191B by the WIPP Performance

Assessment Department of SNL relies on a model of radionuclide transport through the Culebra.

Modeling of transport through the Culebra requires, first, a conceptual model of the mechanisms

and processes governing that transport and, second, quantitative estimates of the parameters

required for numerical simulation of those processes. The Culebra Transport Program represents

the combined efforts of the SNL Geohydrology (6115) and Chemical Processes (6119)

Departments to provide the data necessary to construct a model for Culebra transport.

Field tracer tests are one component of the Culebra Transport Program. Tracer tests

provide data with which to evaluate different processes ~fecting transport and to estimate

transport parameters. Interpretations of previous tracer tests conducted at the WIPP site indicated

that the Culebra behaves locally as a double-porosity medium in which advective flow occurs

through fractures while diffusion of solutes from the fractures to the surrounding rock matrix acts

to retard solute transport. Using a double-porosity transport model based on these tracer-test

interpretations, the WIPP PA Department (1993) showed that physical retardation arising from

—. ____ ——
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Figure 1-1. Stratigraphic units at the WIPP site.
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matrix diffusion could make the Culebra an effective barrier to release of radlonuclides to the

accessible environment.

This Field Operations Plan (FOP) supports the Culebra Transport Program in the

investigation of the potential role of the Culebra as a transport pathway for radionuclides. The

activities described in this FOP are designed to provide a group of boreholes in which to conduct

tracer tests to define the nature of solute transport in the Culebra and provide quantitative

estimates of all transport parameters needed for Performance Assessment calculations. The FOP

describes plans, procedures, and specifications for the construction of wells at the H-19 hydropad,

which is being established southeast of the WIPP surface facilities between the H-3 hydropad and

observation well DOE-1 (Figure 1-2). The work will consist of drilling, coring, geophysical

logging, and completing seven boreholes, H-19bl through H-19b7, to the Culebra.

ConstructionoftheH-19wellswillalsoprovidesite-specificgeologicandgeophysicaldata
and samples of the Culebra dolomite

will be cored from about 40 ft below

the other boreholes will be cored only

for laboratory analysis. At H-19, one borehole, H-19bl,

land surface (bottom of surface casing) to total depth and

through the Culebra. Compressed-air-rotary and/or water-

rotary drilling methods will be used on all boreholes. The Culebra will be cored using

compressed air as the circulation medium unless prevented by technical difficulties. This FOP

describes the drilling methods, coring requirements, and preliminary hydraulic and tracer tests to

be conducted during drilling, including equipment configurations, testing procedures, data-

acquisition system (DAS), and testing requirements of the program. Detailed hydraulic and tracer

testing to be performed after construction of all H-19 wells is completed will be described in Test

Plans prepared for those activities.

1.2 Objectives of the Field Operations

The primary objective of the drilling program described in this field operations plan is to

provide a hydropad at which to conduct field activities relevant to the Culebra Transport Program.

Individual objectives to be accomplished are:

3
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● to drill and core, from land surface to the unnamed lower member of the Rustler

Formation, a primrq borehole at the H-19 hydropad for tracer testing of the

Culebr3

● ’ to drill and complete six tracer-injection boreholes from land surface to the

unnamed lower member of the Rustler Formation at the H-19 hydropad, including

coring of the full thickness of the Culebr~

● to obtain geophysical logs, including video logs, of each of the boreholes drilled

at the H-19 hydropad;

● to collect core from the Culebr~ and other stratigraphic units as appropriate, for

laboratory analysis of the samples’ hydraulic properties; and

● to conduct hydraulic tests of selected stratigraphic horizons:



..———_.—.——._. —____ ___________ ———— . . . ..

2. DRILLING OPERATIONS, PROCEDURES, AND MATERIALS

The central well on the H-19 hydropad will be called the primary borehole and will be

“ named H-19bl. This well WN be located near the center of the hydropad. Six tracer-injection

wells will be drilled arranged around H-19bl as indicated on Figure 2-1. The overall sequences

of activities to be conducted are summarized below.

2.1 Primary Borehole (H-19bl)

1. Construct a 450 by 450-ft caliche pad and improve the access road to the H-19 location

as appropriate and

2. Move in auger rig

dig lined pit for the drilling rig’s portable mud tanks.

and drill a 24-inch-diameter borehole from ground surface to a depth

of 40 ft at a location approximately 40 ft due north of the center of the pad. Set 20-inch

outside-diameter conductor casing to 40 ft and cement annul us to ground sucface.

3. Mobilize and rig-up rotaxy drilling rig and associated drilling equipment.

4. After the cement has set, use a nominal 9%&inch-diameter rock bit to drill out the cement

plug from the bottom of the surface casing.

5. Rig up wireline coring apparatus with appropriate coring bits, core

long core barrel with a split inner barrel to drill and collect PQ-size

catchers, and a 10-ft-

(3.34-inch) core from

all units below 40 ft to approximately 10 ft above the base of the Tamarisk Member of the

Rustler Formation using compressed air as a circulation medium. Any drilling-fluid

additives used to control and maintain circulation must be approved by the Sandia

Representative (SR) and will be documented. Core will be recovere~ marked,

photographed, cataloged, and stored in core boxes (see Section 2.4).

6. After coring the Magenta Dolomite Member of the Rustler Formation, drilling operations

will be suspended in order to conduct a drillstem test (D ST) of the entire Magenta (see

6
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Figure 2-1. Possible relative positions of the wells to be drilled at the H-19 hydropad.
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7.

8.

9.

10.

11.

12.

13.

Section 2.8.3). Pick up and run in single-packer DST tool, with packer set in the lower

Forty-niner anhydrite. The testing of the Magenta will take approximately 48 to 96 hr.

The drilling rig will be on standby status during the drillstem testing.

Complete coring of the Rustler Formation to a depth of approximately 748 ft below land

surface, into the lower Tamarisk anhydrite and about 10 ft above its base.

Fill hole with brine and geophysically log the entire borehole to the lower Tamarisk

Member using the caliper, neutron porosity, natural gamm~ resistivity, formation

microscanner, gamma-gamma density, acoustic velocity, acoustic televiewer, and/or video

logs as appropriate. See Section 2.7 on geophysical logging.

Ream entire borehole to 14%-inch diameter using brine as the circulation medium. Pick

up, inspect for darnage, and install 9.12-inch fiberglass casing to the lower part of the

Tamarisk Member (approximately 748 ft). Install centralizers in selected positions to guide

casing in borehole, usually 60 to 90 ft apart. See Section

procedures.

Use a 70-30 poz-mix cement slurry mixed with halite to

to cement casing in place. Circulate a minimum of 50°A

2.5regarding casing installation

saturation and 2°A bentonite gel

excess above volume calculated

to fill annulus. See Section 2.5 regarding cement grouting procedures.

Wait for cement to cure for 24 to 48 hours.

After cement has cured, pick up a nominal 77A-inch-diameter rock bit and drill out cement

and float collar to a depth of approximately 748 ft below ground surface (13GS).

Pick up conventional coring assembly with bits, core catcher, and 5-ft or 10-ft core barrel

with split inner barrel to collect nominal 6-inch core from the Culebra. Completely

remove drilling fluid used to drill through the cement plug to allow coring of the Culebra

using compressed air as a circulation medium. Continuously core from the base of the

8
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14.

15.

1.

2.

cement plug at approximately 748 ft BGS to a depth of approximately 803 & a point

within the unnamed lower member and about 20 ft below the Culebra. The SR will

continuously monitor drilling parameters, such as penetration rate and circulation pressure,

during coring and dictate the length of each core run. After coring has been complete~

circulate hole to remove cuttings and other debris.

After native Culebra water has filled the hole up into the casing, geophysically log the

remainder of the borehole to total depth using logs from the suite described in Section 2.7.

Alternatively, some or all logs could be run after the completion of step 15 when the

drilling rig has moved off the hole.

Remove all equipment from H-19bl and install surface well protector and locking cap.

Measure any casing cut off above ground surface and record measurement in daily drilling

log. Sound well to confirm total depth and doc~ment sounded depth in daily drilling log

(see Section 7.4.1). If cleaning/fl&hing of the borehole is necessary before demobilization

of the drilling rig, only methods approved by the SR will be used. The drill rig will

remain set up on the prima~ borehole until the rig is released by the SR.

The final configuration of well H-19bl should

2.2 Tracer-Injection

be sim’ilar to that shown in Figure 2-2.

Boreholes
.....

For boreholes H-19b2 through H-19b7, move in auger rig and drill an approximately 18-

inch-diameter borehole from ground surface to approximately 40 ft. Set 14-inch outside-

diameter conductor casing and cement annulus to ground surface. H-19b2 will be located

due “north of H-19bl, approximately 50 .ft”away. H-19b3 and H-19b4 will be located the

same distance from H-19bl as H-19b2, but along azimuths of S60”E (120°) and S60”W

(2400), respectively, as shown in Figure 2-1. The final locations of H-19b5, H-19b6, and

H-19b7 will be determined as discussed below in Section 3.

Mobilize and rig-up rotary drilling rig and associated drilling equipment.

9
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Figure 2-2. Designed configuration of well H-19bl.
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3.

4.

5.

6.

7.

8.

9,

Rig up and run-in-hole with 9%a-inch nominal rock bit. Drill out the cement plug from the

bottom of the surface casing and continue to a depth of approximately 748 ft below land

surface in the lower Tamarisk Member of the Rustler Formation, about 10 ft above the

Culebr~ using brine as &e circulation medium. Document any drilling-fluid additives used ‘

to aid in cuttings removal or borehole stabilization. Circulate the hole.

-.

Geophysically log borehole to the lower Tamarisk Member using the caliper, neutron

porosity, natural gamm% resistivity, gamma-gamma density, acoustic velocily, formation

microscanner, acoustic televiewer, ador video logs as appropriate. Alternatively, if only

gamma and neutron iogs are desired of the portion of the borehole to be cased, they could

be run through the casing at the same time as the logs described in step 10 are performed.

See Section 2.7 on geophysical logging.

Ream entire borehole to 103&inch diameter. Pick up, inspect, and install 7-inch fiberglass

casing to the lower part of the Tamarisk Member (approximately 748 ft). Install

centralizers in optimum position to guide casing in borehole, usually 60 to 90 feet apart.

See Section 2.5 regarding casing installation procedures.

Use a 70-30poz-mix cement slurry mixed with halite to saturation and 2’%0 bentonite gel

to cement casing in place. Circulate a minimum of 50% excess above volume calculated

to fill annulus between the casing and the borehole. See Section 2.5 regarding cement

grouting procedures.

Wait for cement to cure for 24 to 48 hours.

After cement has cured, pick up a nominal 6Vh-inch-diameter rock bit and drill out cement

and float collar to a depth of approximately 748 ft BGS.

Pick up wireline coring assembly with bits, core catcher, and 5-ft-long split-tube inner

barrel to collect nominal 3.34-inch-diameter core from the Culebra. Completely remove

any drilling fluid used to drill through the cement plug to allow coring of the Culebra

11
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using compressed air as a circulation medium. If necessary, use Culebra water pumped

from well H-19bl as drilling fluid to core the Culebra. Continuously core from the base

of the cement plug at approximately 748 fl BGS to a depth of approximately 803 & a

point within the unnamed lower member and about 20 feet below the Culebra. The SR

will continuously monitor drilling parameters, such as penetration rate and circulation

pressure, during coring and dictate the length of-each core run. After coring has been

completed, circulate hole to remove cuttings and other debris.

10. After Culebra water level has risen into casing, geophysically log the remainder of the .

borehole to total depth using logs from the suite described in Section 2.7. (If necessary

to accommodate logging tools, ream interval below casing to 6% inches using Culebra

water from H-19b 1 as the circulation medium.) Alternatively, some or all logs could be

run after the completion of step 12 when the drilling rig has moved off the hole.

11. Drillstem and/or slug testing of part or all of the Culebra and/or of the upper part of the

unnamed lower member is not planned in each of the borsholes as it is drilled. However,
)

if requested by the Hydraulic-Test Coordinator (HTC; the Principal Investigator (PI) or his

designee) for a particular borehole, conduct a DST or slug test of the Culebra and/or

unnamed lower member. Pick up and run in hydraulic-testing equipment. For a test of

the Culebr~ set packer in the lower Tamarisk anhydrite or the bottom of the casing,

whichever appears to provide the best testing location as directed by the HTC. A double-

packer test tool could be used if borehole conditions are appropriate. For any test of the

unnamed lower member, a straddle-packer assembly will be used, with the upper packer

set in the lower Tamarisk anhydrite and the lower packer set at the base of the Culebra.

The test will be conducted in the hole below the lower packer, while monitoring for

pressure response in the Culebra. The testing of the Culebra or unnamed lower member

will take approximately 48 to 96 hours. The drilling rig will be on standby status during

hydraulic-testing operations.

12. Remove all equipment from borehole and install surface well protector and locking cap.

Measme any casing cut off above ground surface and record measurement in daily drilling

12
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log. Sound well to confirm total depth and document in daily drilling log. If

cleaning/flushing of the borehole is necessruy before demobilization of the drilling rig, only I
methods approved by the SR will be used. The drill rig will remain setup on the borehole

until the rig is released by the SR.

The final configurations of wells H-19b2 through H-19b7 should be similar to that shown .

in Figure 2-3.

2.3.1

A.

B.

c.

D.

2.3.2

Drilling Fluids

2.3 Equipment

The use of any drilling fluid must be approved by the SR and consist only of water, brine,

or air from a source specified by the the drilling contractor and approved by the SR.

No o,rganic additives to the drilling fluid will be permitted without permission from the SR.

Brine-based drilling fluid may be used to protect the soluble formations that may be

encountered during the drilling operations. However, only air or Culebra water can be

used when drilling or coring through or below the Culebra.

Contractor-recommended and SR-approved drill-pipe lubricating material may be used in

drilling operations to the casing point. Only” teflon or other-SNL-approved drilling-pipe

lubricant may be used in coring and drilling the Culebra or the unnamed lower member.

Other lubricating materials may be used only after approval by the SR.

Casing will be installed using only teflon or other SNL-approved lubricants.

Mud Tanks

The drilling contractor will provide clean portable tanks, with certification of cleaning, for

drilling fluids used for coring and reaming the Culebra and unnamed lower member. The SR will

13
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inspect the tanks before use to determine that they are free of holes. and cracks, and will

document this inspection in his daily drilling log. All drilling-fluid waste will be contained on-

site in portable tanks and disposed of by an SNL contractor at a licensed disposal facility (see

Section 6.2). ‘

2.3.3 Well Casing

The well casing for this program will be Centron@fiberglass/epoxy integral joint casing...

The casing for H-19bl will have an outside diameter of 9.12 inches, an inside drift diameter of

8.41 inches, and a weight of 8.70 lb/ft. The casing for the other six wells will have an outside

diameter of 7.00 inches, an inside drift diameter of 6.38 inches, and a weight

2.4 GeneraI Procedures for Coring Operations

of 5.70lb/ft.

Drilling and coring operations will be performed as part of the installation of seven

boreholes at the H-19 hydropad, which is to be constructed between well DOE-1 and the H-3

hydropad. Coring operations will consist of wireline coring to obtain an estimated 708 feet of

3.34-inch-diameter (PQ) core from the Dewey Lake Red Beds through the Tamarisk Member of

the Rustler Formation in borehole H-19bl, conventional coring to obtain approximately 55 feet

of 6-inch-diameter core from the Culebra and the unnamed lower member of the Rustler at

borehole H-19bl, and wireline coring to obtain approximately 330 ft (total) of 3.34-inch-diameter

core from the lower Tamarisk, Culebr~ and unnamed lower member of the Rustler at boreholes

H-19b2 through H-19b7. Both conventional and wireline core barrels will include split inner

barrels to enhance core recovery and minimize disturbance during core removal. Core will be

removed from the core barrel, logged, measured, cleaned, marked, photographed, packaged,

transported, and

2.4.1 Coring

stored according to the following procedures.

Both wireline and conventional coring

(l?Q) and 6-inch-diameter core, as required.

operations will be conducted to produce 3.34-inch

Other equipment and material such as drill collars

15
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and stabilizers, drilling fluid (compressed air, air-foam, or brine), and drilling techniques such as

use of drilling weight rotary speed, and fluid-circulation rates will be utilized so as to obtain the

best possible core recovery according to the best judgment of the SR. The SR will be in control

of operations at all times that coring is in progress.

The site geologist shall maintain a field logbook (see Section .7.4.3) showing dates and

times of all core runs, beginning and ending depths of all core runs (established as outlined in

Section 2.9), core recove~ percentage from each run, and such variations in penetration rate as

might be observed. The field logbook shall also include a core-photography log listing all

photographs taken and associated depths (see Section 2.4.5), as well as a summary of how the

core is boxed. Copies of all logbooks and daily records will be kept on site throughout the

drilling and coring operations.

2.4.2 Removal of Core from Core Barrel

Core should be removed from the split inner core barrel as gently as possible, under the

supervision of the site geologist, to cause minimum disturbance to the order and condition of the

core. As the core is removed, it will be placed in troughs in the order that it is retrieved from

the core barrel. Troughs will be marked with red at the top end and black at the bottom

indicating down direction

2.4.3 Core Logging

of the core.

The site geologist will log the core at the time of collection using SNL WIPP Form

Number 393: General Purpose Core-Log Inventory. The core pieces shall be matched together

as snugly as possible and a double line shall be drawn down the length of the core using indelible

red and black markers. The markers shall be taped together to make parallel lines, with”the black

line on the right as viewed looking in the downward direction along the core. Each core piece

should be measured and marked indicating depth at a minimum of each foot with footage

expressed to the closest 0.1 ft. The reference datum for depth will be ground surface. All

logging forms will indicate the distance from ground surface to the Kelly bushing on the rotary

16
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table of the drill rig. Pieces too small or too rough to be individually marked will be bagged and

the bags will be marked with the appropriate depths. Any lost core should be logged at the

bottom of each cored interval unless known to be otherwise and so explained on the core log.

Core loss should be indicated in the core-storage boxes using a block of wood (e.g., 2x2-inch

stock) with the estimated core-loss interval marked with visible waterproof ink.

A detailed geologic description of the core shall be recorded on the core logging form.

Lithologic, sedimentologic, and mineralogic variations shall be noted, with depths referenced tO

at least the nearest 0.1 ft. The color of each interval described shall be determined using a

Munsell color chart and noted in the log. All visible fractures shall be logged at the depth of the

midpoint of the fracture, and the dip angle and fracture filling or staining (if any) shall be noted.

At this time, no closed features, such as cemented fractures, shall be opened by the site geologist

or other field person. Such features shall be preserved for later deliberate study of delicate

mineral or structural features, including measurement of fracture apertures.

2.4.4 Cleaning Core

Core will be wiped or brushed to remove any soft mud cake and/or excess mud or cuttings

as soon as possible following removal of the core from the core barrel. A rag dampened in

drilling fluid or Culebra water will be used to wipe the core.

this occurrence will be noted in the field logbook, stating

exposed, and the time of the occurrence.

2.4.5 Photographing Core

If core is washed with other fluids,

the type’ of fluid, the intervals so

All core shall be photographed in color twice: once, before the core is removed from the

split inner core barrel and again after it has been transferred to troughs or boxes. The first

photography will be performed immediately after the two halves of the split inner barrel have

been separated, while the core rests in half of the barrel. A tape measure demarcated in tenths

and hundredths of feet shall be laid alongside the core for the photographs, with the zero point

on the tape measure being at the top of the core run. The field of view for each photograph
1,

,
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should extend “no more than three feet, with at least six inches of overlap between consecutive

photos. Each photograph taken shall include a title block or board showing well number, date,

core-run number, and down direction. These photographs will provide a record of the core order

that might be used to reorder any core that becomes accidentally displaced

troughs or during logging.

After the core has been logged, labeled, and cleaned, it will be carefully

during transfer to

moved to the core

trailer and prepared for more detailed color photography. The core may be positioned either in

troughs or core boxes, being sure that the ends of each core interval are properly marked on

wood spacers and all missing-interval spacers are correctly marked and included in the

appropriate locations. The camera shall be mounted in a rack above the core to maintain a

consistent distance from the core and a consistent field of view. The field of view for each

photograph should extend no more than three feet, with at least six inches of overlap between

consecutive photos. Core may be wetted with drilling fluid to enhance the quality of the

photography. Core should be rotated by the site geologist or SR to enhance the visibility of

pertinent features such as fractures, bedding planes, color, or any ~ther significant Iithologic

characteristics. Each photograph taken shall have a title block or board showing well number,

date, core interval

number (if boxed),

(accurate within overlap with other. photos), core-run number(s), core-box

and down direction, as well as color and length scales.

2.4.6 Storage and Preservation of Core

After the core has been photographed, it will be boxed for storage in the WIPP-site core

library. The core boxes shall be labeled in sequence with well number, date, core-run number,

and depths of the core pieces in each box. Breaking the core to fit it into boxes should be

minimized to the extent possible. All artificial breaks shall be noted in the core log and shall

also be indicated on the core itself using an indelible marker. All core shall be placed in clear

plastic sleeves with heat-sealed ends inside the core boxes. After completion of coring in each

hole, an inventory and chain-of-custody sheet will be prepared detailing the contents of each core

box, and the core boxes and inventory sheet will be transmitted to the WID core library, where
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the core will be logged in by the h core-librzuy custodian. All core must be protected from

freezing between the time it is collected and when it is transferred to the core librruy.

2.4.7 Core Photographs (Final Prints)

The detailed core photographs (the second set discussed in Section 2.4.5) will be

distributed as 8% by 1l-inch color prints as follows:

4 sets:

2 sets:

2 sets:

1 set

1 set:

1 set:

1 set

1 set:

SNL Department 6115, MS1324, ABQ, Attn. R.L. Beauheim, L.C. Meigs, P.B.

Davies, RM. Holt

SNL Department 6352, MS1330, ABQ, Attn. SWCF (with negatives)

WID Project Office, Carlsbad, NM

SNL Department 9333, MS1 156, ABQ, Attn. J.W. Mercer

INTERA Inc., WIPP site, Attn. W.A. Stensrud

INTERA Inc., ABQ, Attn. M.B. Kloska

WIPP Core Libra~, WIPP site

WTAC, Carlsbad, NM

2.5 Casing Installation and Cement Grouting Procedures

Fiberglass casing will be installed in each borehole and the annular space between the

casing and the borehole will be filled with cement grout under the direction of the SR. Complete

filling of the annular space will be demonstrated by surface return of the grout mixture from the -

annular space. The drilling contractor will allow at least 24 to 48 hours for casing cement to set

before resuming drilling/coring operations.

2.5.1 Regulations

All casing and cementing operations will observe regulations issued by the New Mexico

State Engineer for casing wells through known aquifers. The State Engineer’s oi%ce will be

notified in advance of casing and cementing operations.
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2.5.2 Preparations for Casing Installation

Ream and/or condition the boreholes using brine as the circulation medium, if necessary

to remove tight places. Run a caliper log, if necessa~, to calculate the proper amount of cement

and to aid with the selection of appropriate positions for centralizers (i.e., avoiding washout

zones), typically 60 to 90 ft apart.

The SR will inspect the body and threads of the casing for damage, discarding damaged

sections, and document the inspection in his daily drilling log. Install combination float collar

and guide shoe. Measure dimensions of float collar and guide shoe, photograph, and sketch

connection to casing in daily drilling log. Number and measure (tally) all sections of casing to

be used, recording tally in daily drilling log.

2.5.3 Casing Installation and’ Cementing

Run in the casing to the preselected casing point near the base of the Tamarisk Member,

installing centralizers at the selected positions as the casing advances. For grout mixture, use a

70-30 poz-mix cement slurry mixed with sodium-chloride to saturation and 2’XO bentonite gel.

Install an appropriate cementing head and connect to the mixing and pumping units. Begin

circulation with chemical wash followed by an appropriate fluid spacer, followed by an

appropriate volume of RFC-thixotropic cement slu~y followed by 70-30 poz cement slurry to

equal at least 150°/0 of the calculated annulus volume between the borehole and the casing.

Continue pumping at about 2?4 barrels per minute (100 gpm) until cement-slurry returns

acceptable to the SR are observed to issue from the borehole-casing annulus at ground surface.

Displace the top plug with water and then bump plug with about 500 psi (maximum of 1000 psi)

over displacing pressure- Check the float collar and, if it is holding, close in the cementing head

and wm”tfor cemeti to cure for 24 to 48 lmu.m, as dictated by the SR. Maintain tension on the

casing string while cement is setting.



2.6 Surveying

Surface locations and elevations of the wells will be surveyed by a registered professional

land surveyor tier the wells are completed. This surveying will be performed in two stages.

The first four wells (H-19bl through H-19b4) will be surveyed after H-19b4 is completed. The

last three wells will be surveyed after H-19b7 is completed. Deviation surveys will be performed

by a logging contractor during the geophysical logging discussed in Section 2.7 to determine the

vertical alignment of casing/boreholes and the true positions of the boreholes in the Culebra

relative to the surface locations.

2.7 Geophysical Logging

Borehole H-19bl will be geophysically logged by the U.S. Geological Survey ardor other

SNL contractor before casing is set. The borehole interval below the casing will be logged after

drilling is completed. Boreholes H-19b2 through H-19b7 will be logged after casing is set and

the wells are completed. (Note that logging through casing precludes the use of e~ectric logs.)

Logging will be completed in wells H-19bl through H-19b4 before drilling begins on H-19b5.

Logging of H-19b5, H-19b6, and H-19b7 may be performed either after each individual well is

completed, or after all three wells have been completed. The suite of geophysical logs from

which individual logs will be selected by the SR for each inte~al to be logged includes:

.

●

.

.

.

.

.

.

.

.

Natural gamma

Neutron porosity

Gamma - gamma density

Resistivity (laterolog)

Formation microscanner

Caliper

Acoustic velocity

Fluid electrical conductivity (hydrophysical)

Acoustic televiewer (oriented)

Video (oriented)
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Before running any logs, the SR will prepare the form “Instructions to Logging Company”

shown in Table 2-1 for the specific logs to be run. Before logging, the SR will meet with the

logging company’s engineer. The SR will present the “Instructions to Logging Company” and

discuss: 1) the entire logging program and special requirements; 2) hole conditions that may

cause problems; &d 3) zones of speciaI interest. The SR till also discuss and request the

following be done:

. The equipment will be warmed up for the amount of time recommended by the

manufacturer and tools will be checked to see that they are calibrated as

appropriate and functioning properly upon arrival at the location.

. %, % ad RC will be measured on mud sample if electrical logs are to be run.

The logging company should run the sample through a mud press.

. All sidewall and compensated neutron logs and all density porosity curves will be

run on limestone matrix over the zones of interest, regardless of the Iithology.

. Equipment will be tested while running in hole. .

. Depths for all logs will be “zeroed” at a point designated by the SR as each tool

enters the hole and checked as it co’mes out, as discussed in Section 2.9.

● Before-and-after log calibrations will be shown for all curves.

. Panel calibrations will be shown for all density and neutron logs; integration

checks will be shown for all integrated acoustic logs.

● In addition to caliper rings, the caliper calibration should show “tool full open”

and casing readings.

. A minimum 200 H (or interval logged) repeat must be shown for each hole.

. Overlap previous runs by at least 200 ft, if possible.

. All headings information on logs will be completely filled out.

. All open-hole logs shall be digitized and recorded on magnetic tape or disk.

The SR will be present and observe the logging operation to the extent necessary to assure

that the instructions have been followed. He will complete a “Log Quality Report” (shown in

Table 2-2) following

checked “yes” before

the operation. All applicable boxes on the Log Quality Report must be

the SR will accept the final logs.

?2
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Page 1 of_

SANDIA NATIONAL LABORATORIES

INSTRUCTIONS TO LOGGING COMPANY

Date Logging Company

Prepared By Logging Engineer

Witnessed By

LOCIHeadings:

Company

Well Number

Field

County State

Location

Section Township Range

Permanent Datum: ground level (G. L.) Elevations: G.L.

drill floor (D. F.) D.F.

Kelly bushing (K. B.) K.B.

—

Hole Status

SIZE FROM ~ SIZE FROM ~

Casings Borehole——

— .

Fluid Status

Type Fluid in Borehole Fluid Level Fluid Loss

Density pH Viscosity

Purpose of Logging Program, Zones of Special Interest, Critical Hole Conditions,
Remarks, Etc.

Number of Prints: Field Final

Send to: Sandia National Laboratories
P.O. Box 5800, MS 1156, Attn. Jerry W. Mercer
Albuquerque, New Mexico 87185-1156

Table 2-1.
.

Example form “Instructions to Logging

23
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Log Numbefl
(a.)
(b.)
(c.)
(d.)
(e.)

(f.)

Page _ of _

Log Type
Vertical Depth Scales 2 inches/400 feet and 5 inches/100 feet
Horizontal Logging Scales
Logging Speecj Desired
Interval to be Logged
Zones of Special Interest

Special instructions

Log Number* Log Type
(a.) Vertical Depth Scales 2 inches/100 feet and 5 inches/100 feet
(b.) Horizontal Logging Scales
(c.) Logging Speed Desired
(d.) Interval to be Logged
(e-) Zones of Special Interest

(f.) Special Instructions

Log Number
(a.)
(b.)
(c.)
(d.)
(e.)

(f.)

Log Type
Vertical Depth Scales 2 inches/100 feet and 5 inches/100 feet
Horizontal Logging Scales
Logging Speed Desired
Interval to be Logged
Zones of Special Interest

Special Instructions

* Logs do not need to be run in this sequence

Example form “Instructions to Logging Company”.

~~
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Log Run ~ Engr.

Field Print n Finol Print n

CHECK ALL BOXES - ACCEPTABLE YES OR
UNACCEPTABLE NO

Sections not applicable to a particular service,
Leave Blank.

A. HEADING

B.

c.

D.

1.

2.

3.

4.

5.

6.

Printing or Typing Neat

Printing or Typing Accurate

Grid and Pen Traces

Splices Straight and Clean

Film Correctly Processed

General Print Quality

Table 2-2.

1.

2.

3.

4.

5.

6.

Correct Heading Used

Heading Oata ProperIy Completed

Logging Data Section Completed

Equipment Data Section Completed

Scale Changes Notedon Heading

Are allabnormalconditionsexplainedin the
remarks section

CALIBRATIONS AND SCALES

1.

2.

3.

4.

s.

6.

7.

8.

Stoles Correct for Area

Scales Labelled

Scale Changes Labelled

Zeroes Recorded

Before Log Calibrations

After Log Calibrations

Repeat Section Recorded

Repeat Section Acceptable

VALIDITY OF LOG

1.

2.

3.

4.

s.

Curves Functioning Correctly

Oo Log values fall within reasonable limits

Curves on Oepth

Logging Speed Indicated

Logging Speed Correct

YES NO

E

El
El

Log Anolyst

REMARKS: Code R=marks with theproper Section Number.
For Example: Remarks coiiceming before log

calibrations would be coded B.S.

,,. ..

LOG QUALITY REPORT

Hole Log Dote Cument Date

===1

Example form “Log Quality Report”.

.
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Fourteen final copies of the logs shall be prepared and distributed as follows:

3 sets:

2 sets:

2 sets:

1 set

2 sets:

1 set

1 set:

1 set:

1 set

SNL Department 6115, MS1324, ABQ, Attn. R.L. Beauheim, L.C. Meigs, P.B.

Davies

SNL Department 6352, MS1330, ABQ, Attn. SWCF

SNL Department 9333, MS 1156, ABQ, Attn. J.W. Mercer

USGS, Water Resources, ABQ, Attn. R.K. Deweiss

WID Project Offke, Carlsbad, NM

NM State Engineer, Roswell, NM

INTElL4 Inc., WD?P site, Attn. W.A. Stensrud

INTERA Inc., ABQ, Attn. M.B. Kloska

WTAC, Carlsbad, NM

The logging company shall provide two copies of magnetic tapes or disks containing the

digitized log dat~ Iabelled as described in Quality Assurance Procedure (QAP) 17-1: WIPP

Quality Assurance Records Source Requirements. The disks or tapes shall be submitted to the

Sandia WII?P Central Files (SWCF) along with the other documentation required by QAP 17-1.

2.8 Procedures for Hydraulic Testing During Drilling

Hydraulic testing at the H-19 hydropad will be performed under the technical direction

of the HTC. At the discretion of the SR or HTC, drilling may be halted at any time to allow

the performance of hydraulic tests. The tests will be used to obtain estimates of the

transmissivity and hydraulic head of selected intervals in the Dewey Lake Red Beds and/or

Rustler Formation. The hydraulic tests could take the form of drillstem tests, slug-withdrawal

tests, and/or pumping tests, depending on hydraulic conditions. In general, a pumping test will

not be performed on a unit incapable of yielding at least one gallon per minute (gpm). Each test

is anticipated to take a minimum of 12 hours and a maximum of 96 hours. The duration of each

test will depend on the quality and amount of data required to achieve test objectives.

Appropriate equipment calibration will be conducted before each test and recorded in the field

logbook for hydraulic and tracer testing (see Section 7.3.4) and on appropriate forms in

accordance with QAP 12-1: Calibration and Control of Measuring and Test Equipment.

Complete documentation of the test equipment, procedures, installation configuration, manually
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performedmeasurements,andsequenceof eventswillbekeptin thefieldlogbookforhydraulic

and tracer testing.

The drilling contractor or other SNL contractor will set packers, pumps, and./or other test

equipment provided by SNL at depths in well(s) designated by the HTC and remove the

equipment from the well(s) upon completion of testing. The objective of the following

procedures is to establish consistent hydrologic-testing methods and techniques in order to obtain

reliable data in a uniform manner. All fluids produced during swabbing or pumping tests will

be stored on-site in steam-cleaned tanks until it can be disposed of off-site under the requirements

outlined in Section 6.2.

2.8.1 Test-Interval Selection

Information obtained from logging and coring of the wells at the H-19 hydropad will be

used by the HTC to identi~ the intervals to be tested. The HTC will document his decisions,

and the information upon which they are based, in the field logbook for hydraulic and tracer

testing.

2.8.2 Test-Tool Installation

After the selected test intervals have been cored and identified, install testing equipment

using an appropriate inflatable packer (or packers) attached to 2%-inch tubing. The equipment

will include transmitters (and possibly thermocouples) capable of measuring the pressures (and

temperatures) above and within the test interval. The pressure (and temperature) data will be

monitored and recorded using a computer-controlled DAS (Figure 2-4) in accordance with WII?P

Procedure 509: Operation of PERM DAS Program. Real-time plots and preliminary analysis of

the data will be used by the HTC to adjust the testing schedule as necessary.

2.8.3 Drillstem Tests

All drillstem tests performed will be conducted in accordance with WIPP Procedure 515:

Slug and Drillstem Testing, which is summarized here. Assemble the DST tool, which includes

a packer, a downhole shut-in tool, and three pressure transmitters, and install downhole. Inflate
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the packer, close the shut-in tool, and allow the formation pressure below the packer to stabilize.

Swab water from tubing above shut-in tool and measure the specific gravity of this water

following WIPP Procedure 513: Measurements of Specific Gravity, Conductance, pm and

Temperature. Open shut-in tool for flow period. Close shut-in tool for buildup period when

directed by the HTC. The shortest time schedule for flow and buildup periods will be determined

by the HTC based on the real-time evaluation of the formation’s pressure response. A minimum

of two sequences of flow and buildup periods will be required.

2.8.4 Slug Tests

Any slug test performed will be conducted in accordance with WIPP Procedure 515: Slug

and Drillstem Testing, which is summarized here. Assemble and install the DST tool described

in Section 2,8,3. Inflatethe packer,closethe shut-intool, and allowthe formationpressure

below the packer to stabilize. Swab water from tubing above shut-in tool and measure the

specific gravity of this water following WIPP Procedure 513: Measurements of Specific Gravity,

Conductance, pH, and Temperature. Open shut-in tool to initiate slug test. The increase in

pressure versus time as water flows into the tubing is monitored with the downhole pressure

transmitters and recorded by the DAS. Real-time analysis of the pressure recove~ will be used

by the HTC to establish the time when the test will be terminated or when the test interval may

be shut-into obtain additional data. Testing time may vary from hours to days depending on the

formation’s transmissivity.

2.8.5 Pumping Tests

Pumping tests of the Culebra will be performed in each of the H-19 wells, and may also

be used to evaluate the hydraulic properties of any other unit capable of producing at least one

gpm. All pumping tests performed will be conducted in accordance with WIPP Procedure 505:

Pumping Tests. General procedures are outlined here. To conduct a pumping test of a confined

water-bearing unit, a pump will be lowered into the well on either tubing or pipe to a distance

about 10 ft above the unit. A packer may or may not be set above the pump at the discretion

of the HTC. If a pumping test is to be performed of a unit under water-table conditions, the

HTC will determine the location at which to set the pump. To determine the pumping rate to

be used during the test, the pump will be operated at successively higher rates for a few hours

A~~9



and the HTC will evaluate the maximum rate that could be sustained for three days without

dewatering the weil. After allowing the water level in the well to recover and stabilize, the

pumping test will be performed at 75 to 80’% of the maximum sustainable rate. Pressure

drawdown and recove~ during the test will be monitored with downhole pressure transmitters

and recorded by the DAS. Real-time analysis of the pressure data will be used by the HTC to

establish the time when the pump will be turned off and the time at which recovery monitoring

will be terminated. Testing time may vary from one to several days depending on the formation’s

transmissivity.

If desired by the WID Water Quality Sampling Program (WQSP), WID will collect water

samples for laboratory analysis before pumping is terminated. Before terminating pumping at

H-19b2, H-19b3, and H-19b4, at least 200 gallons of Culebra water will be collected from each

well in clean containers for use in the later preliminary tracer test.

2.9 Depth Control

Drilling, coring, casing installation, geophysical logging, and hydraulic testing all require

accurate knowledge of depth in the borehole. For each borehole, all depths shall be referenced

to a fixed primary datum that will not be subject to change during the different types of

operations performed. This datum shall be a marked point on the upper rim of the surface casing

for each borehole, unless the SR designates an alternative point. The datum shall be marked on

the surface casing with an indelible marker, and its elevation shall be surveyed after the well is

complete~ as discussed in Section 2.6. A secondary datum, such as a fixed point on the drilling

floor, may be used to help establish depth during specific operations. The SR (or HTC, as

appropriate) will document the selection of this secondary datum and the methods used to

measure its elevation with respect to the primary datum in his daily drilling log (or field

logbook).

Depths with respect to either the primary datum or a secondary datum will be established

by measuring (tallying) the lengths of all sections of drill pipe, tubing, casing, and other

equipment lowered into the hole using an engineer’s tape graduated in O.01-ft increments, and

measuring the portion remaining above the datum (the “stickup”) when the equipment is in its

desired position. All tallies and other measurements shall be recorded in the SR’S daily drilling
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log and/or the site geologist’s or HTC’s fiel’d logbook (see Section 7.4), as appropriate. All

measurements and their recording shall be checked by a second individual and both individuals

will initial the recorded measurements in the log. Photographs shall be taken of all equipment

(e.g., drill bits, core barrels, packers, pumps, etc.) attached to tubular goods (pipe, tubing, and

casing), with a scale included in each photograph. Sketches of all equipment, with dimensions

indicated, shall also be included in the daily drilling log and/or field logbooks.

For geophysical logging, the SR shall, in cooperation with the logging contractor, identi~

the sensing point on each tool and veri~ that the depth on the logger’s depth counter is correctly

“zeroed” when the sensing point is at either the primary or second~ datum. The “zero” depth

reading shall be checked by the SR when the logging tool returns to the surface. These readings

shall be documented in the SR’S daily drilling log. The SR shall also draw a sketch in his daily

drilling log of each logging tool, indicating dimensions and the location of each sensing point.
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3.

Figure 2-1

PRELIMINARY HYDRAULIC AND TRACER TESTING

indicates the intended pattern of the locations of boreholes H-19b2 through

H-19b7 with respect to H-19bl. However, the exact positions of H-19b5, H-19b6, and H-19b7

will be determined after H-19bl, H-19b2, H-19b3, and H-19b4 have been completed. Drilling

will be temporarily suspended following completion of H-19b4 so that preliminary hydraulic and

@acer testing can be conducted in order to obtain preliminary estimates of the Culebra’s hydraulic

properties and to determine the approximate direction of the highest groundwater velocity. This

information will be used to determine optimum locations for H-19b5, H-19b6, and H-19b7.

The preliminary hydraulic testing will be conducted in several stages. Pressure

transmittershmnsducers (calibrated and controlled per QAP 12-1: Calibration and Control of

Measuring and Test Equipment) will be installed in each well after it has been completed to

monitor responses to drilling and testing in subsequent wells. A computer-controlled DAS will

be used to monitor and record the pressure data following WIPP Procedure 509: Operation of

PERM DAS Program. After each of the wells has been completed, a pumping exercise will be

conducted to both develop the well and provide preliminary hydraulic data following the

procedure discussed above in Section 2.8.5. The responses observed in the other existing H-19

wells will be used in preliminary determination of the hydraulic properties and anisotropy of the

Culebra at the hydropad-

The preliminary tracer testing program will commence after H-19b4 has been completed,

and will involve pumping H-1 9bl to establish a convergent flow field and then injecting tracers

into H-1 9b2, H-19b3, and H-19b4. After tracer injection, H-19b 1 will continue to be pumped

and the pumped fluid will be sampled and analyzed on-site to determine the times of tracer

arrival and tracer concentrations. The pumping of H-19b 1 will be performed in accordance with

WIPP Procedure 505: Pumping Tests. Inasmuch as a convergent-flow tracer test is also a

pumping test, the downhole pressures in H-19bl through H-19b4 will be monitored using

pressure transmitters/transducers as discussed above. The pressure responses to the pumping

period (and subsequent recovery period if feasible) will be analyzed to provide additional

preliminary estimates of the Culebra’s transmissivity and storativity, as well as to verify the

anisotropy interpreted from the earlier pumping tests in the first four wells. More detailed and
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definitive

program.

hydraulic and tracer testing will be performed after the completion of the drilling

FormaI Test PIans will be prepared for each of these activities.

The objective of the preliminary tracer testing will be to determine which of the three

tested flowpaths provides the fastest tracer transport. The current design calls for borehole

H-19b7 to be located on the diametrically opposing side of H-19bl from the borehole in which

the fastest arriving tracer was injected, at the greatest distance feasible for later tracer testing.

This distance will be determined from scoping simulations that will take into account the

transmissivity and anisotropy of the Culebra at H-19, tracer solubilities, tracer detection limits,

and expected tracer dilution during later tests. H-19b5 is planned to be drilled 100 ft from

H-19bl, diametrically opposed to whichever borehole has an orientation with respect to H-19bl

that is most closely aligned with the minor axis of the permeability tensor defined by the

anisotropy analysis. H-19b6 is planned to be drilled opposite the last of the H-19b2, 3, or 4

boreholes, at a distance from H-19bl intermediate between that of H-1 9b5 and H-19b7. These

wells locations are subject to modification depending on the interpretation of the preliminary

hydraulic and tracer tests.

Tracer concentrations will be analyzed on site using suitable, approved instruments and

procedures. The instruments and procedures will be documented in the field notebook for the

testing. The prima~ objective of the analyses will be to establish the fastest groundwater

fiowpath. Detailed analyses of breakthrough data for calorimetric tracers will not be performed

because those tracers are not completely conservative in clay-bearing formations.

The procedures to be used for the preliminary tracer testing are as follows:

1. Install a 4-inch electric submersible pump below an inflatable packer on 2gA-inch tubing

in H- I 9b 1. The packer will be set in the lower Tamarisk anhydrite below the well casing,

and will include feedthroughs for downhole pressure transmitters/transducers. A surface

flow-control system equipped with totalizing flow meter and gate and control valves as

shown on Figure 3-1 will be used to regulate flow.

2. Jistall packers and tracer-injection assemblies used for the H-1 1 convergent-flow tracer

test, with downhole pressure transmitters, in H-19b2, H-19b3, and H-19b4. Packers will
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Figure 3-1. Schematic illustration of the discharge-measurement system,

34
A-44



be set belowthe wellcasingin the lowerTamariskanhydriteand the tracer-injection

assemblies will span the entire Culebra intervals in the wells.

3. Configure DAS to monitor data from all four wells and begin recording operations.

4. Begin pumping H-19bl to establish convergent-flow field.

5. Mix three tracers in three -50-gal containers of formation fluid collected during earlier

pumping exercises in the H-19 wells. Use benzoic-acid derivatives and/or calorimetric

tracers such as uranine, lissamine, and/or an optical brightener as tracers.

6. After convergent-flow field is established, inject tracers in H-19b2, H-19b3, and H-19b4,

preferably but not necessarily simultaneously, noting the individual tracers injected in

each borehole. Chase each tracer with a volume of untraced formation fluid sufficient to

displace all tracer from the wellbore into the formation.

7. Begin sampling and field tracer analysis of flow from H-19bl every 15 minutes until first

tracer arrival is detected. If possible, attempt to anticipate first tracer arrival by utilizing

pressure responses noted in H-19bl during developmental pumping in H-19b2, H-19b3,

and H-1 9b4.

8. Continue pumping and tracer analysis until tracer arrival from all three injection wells has

been confirmed.

9. After confirmation of the fast flow path, remove tracer-injection assembly from fast-path

well and replace with passive~tracer-injection assembly. Release tracer(s) from downhole

vessel and test downhole mixing and detection systems.

10. After peak concentration of passively injected tracer has been detected at pumping well,

resume drilling operations at newly established location of H-19b5.

11. Terminate pumping and data collection for tracer test at the discretion of the PI, but

continue monitoring pressures in all wells to document responses to drilling.
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4. DATA ACQUISITION

Both manually and electronically collected data will be acquired during the drilling and

prelimimuy testing of the boreholes at H-19. The following types of data will be recorded

●

●

✎

✎

✎

●

●

electronically collected downhole pressure data from isolated and/or tested

intervals;

electronically collected downhole tracer-concentration dat~

electronically and/or manually collected pumping rate and volume data from wells

ibeing pumped;

electronically collected barometric-pressure-versus-time dat~

manually collected data on core recovery;

manually collected water-level dat%

manually collected water-quality data concerning the temperature, pH, specific

gravity, and electrolytic conductivity of fluid produced during pumping;

manually collected data on tracer concentrations in fluid produced during

pumping;

manually collected data on tracer masses, mixing fluid volumes, and injection

volumes; and

manually collected data on equipment and instrument configurations in the wells

and at the surface.

The electronic data acquisition will be performed using a DAS similar to the one used for

the H-1 1 convergent-flow tracer test (Stensrud et al., 1990) shown schematically in Figure 3-2.

Manual data collection will be carried out either using forms designed specifically for each

activity or data type or by recording relevant information in the SR’S daily drilling log and/or

field logbooks, as appropriate (see Section 7.4). The forms to be used are contained in WIPP

procedures that have been prepared for different data-collection activities, including:

WIPP Procedure 505: Pumping Tests

WIPP Procedure 507: Instrumentation System Verification During Gage

Connection to HP-3497A Stand-Alone Data-Acquisition

Systems
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WIPP Procedure 508: Installation of Pressure, Flow Meters, and Thermocouples

Gauge Checkout

WIPP Procedure 509: Operation of PERM DAS Program

WIPP Procedure 510: Manual Start of Remote Diesel Generators

WIPP Procedure 512: Depth-to-Water Measurement Using Solinst Brand Electric

Sounder

WIPP Procedure 513: Water-Quality Data Measurements of Specific Gravity,

Conductance, pH, and Temperature

WIPP Procedure 515: Slug and Drillstem Testing

Copies of all relevant procedures will be kept on file in the field trailer.

-.
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5. DATA-QUALITY OBJECTIVES

Table 5-1 lists the data-quality objectives for the instrumentation which may be used in

the hydraulic testing and tracer testing described in this FOP. The quality of each data set will

also be represented, where appropriate, in terms of precision, accuracy, representativeness,

completeness, and comparability.
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Table 5-1. Data-quality objectives for instrumentation used in hydraulic and tracer tests

Conductivity/
Pressure Resistivity

Flow Meter Barometer Heise Gage* Transtnitter Meter pH Meter Hydrometer Thermocouple

Operating

Range

Resolution

Accuracy

Temperature
Range

Precision

Hysteresis

Non-
linearity

Temperature
Effects

Vibration

1-20 gpm

0.1 gal

ko.2% - 0,5?40

0°- 40°c

* 0,1?40

PVA

N/A

NIA

compensated

600-1100 mb

4,83 ndmb

0.48-0.88 mb

-10°- 40”C

N/A

WA

N/A

N/A

N/A

* May be used in equipment calibration

0-500 psi

0.05 psi

&0,5 psi

N/A

* 0.1 psi

<0,05 psi

N/A

N/A

N/A

0-200 psi

* 0.2 psi

* 2 psi

-I 0°- 40°c

& 0,5 psi

* 0,5 psi

* 0,5 psi

& 0.6 psi

N/A

1X1O’-
lXIOS ps

* l% full
scale

* 2yo full
scale

N/A

N/A

NIA

5

NIA

N/A

0-12 1,00-1,07
1,06-1,13

0,01 0,0005

& 0.l% of 0.001 g/mL
setting

NIA NIA

NIA NIA

N/A NtA

NIA N/A

NIA N/A

0°- 50”C

0.2°C

+0.5°C

NIA

N/A

N/A

NIA

WA
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6. REGULATORY REQUIREMENTS

Westinghouse WID is responsible for ensuring that WIPP-site activities We conducted in

accordance with applicable federal, state, and local regulatory requirements. The WID is

responsible for assessing regulato~ impact and compliance and obtaining necessary permits.

Appropriate NEPA checklists governing the proposed drilling and preliminary testing have been

generated and approved. SNL is responsible for ensuring that all contracted experimental work

performed by SNL contractors at the WIPP site meets all applicable federal, state, and local

regulatory requirements. All work performed for this FOP will be in compliance with all SNL

ES&H policies and guidelines.

6.1 Tracer Qualification

The preliminary tracer testing performed as part of this FOP will involve the use of

calorimetric and/or benzoic-acid tracers- These or similar substances have been used previously

for WIPP-site tracer testing. Individual calorimetric tracers that might be used for the testing

include uranine, Iissamine, and/or optical brighteners. Each compound used as a tracer will have

appropriate MSDS information available on site during the conduct of the testing. No tracers will

be used that have not been approved for safe use and disposal by the U.S. EPA and/or the State

of New Mexico.

6.2 Waste-Water Disposal

All water used in drilling and formation water produced during testing will be stored on

site in steam-cleaned containers before being transported to a licensed disposal facility. Three

samples of the water in each container will be collected and analyzed by WID and the suitability

of the disposal facility to receive those waters will be verified by WID Environmental

Compliance and Support before any waste water is transported off the WIPP site. All off-site

disposal will be accomplished by contracting licensed hauling services. Manifests documenting

the disposal of all waste water at the licensed facility will be provided by the hauler to the SNL

ES&H representative, who will transmit them to WID Environmental Compliance and Support.
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7. QUALITY ASSURANCE

,7,1 QualityAssuranceProgramDescription

The activities described in this FOP will be conducted in accordance with all appropriate

SNL QA/QC requirements as specified in the WIPP QAPD (SNL, most recent version). The

‘WIPP QAPD meets the requirements of NQA-1-1989 (ASME, 1989), DOE 5700.6c, and Chapter

11 of the FinaZSafety Analysis Repoti (WP 02-9). The WIPP QAPD has been approved by the

DOE Carlsbad Area Office (CAO) for all WIPP activities assigned to SNL and is specific to the

WIPP project. Contractor personnel

subject to the WIPP QAPD.

Specific items that are subject

working with SNL personnel at the WIPP site are also

to the WIPP QAPD and procedures are:

● scoping calculations and associated software development;

● engineering drawings showing test equipment and interconnection of different

testing apparatus;

. test analyses and interpretation;

● instrument calibration dat~ and

● all testing documentation including photographs, field notebooks, written

procedures, data or calculation worksheets, installation diagrams, and installation

or test-operation forms.

The SNL PI, SNL contractors, or other personnel designated by the SNL PI to participate

in the operations described in this FOP will be responsible for data acquisition, storage, and

safety and for ensuring that all appropriate documentation is completed in accordance with the

WIPP QAPD. All field changes, deviations, and other nonconformances with the approved FOP

will be documented in accordance with the WIPP QAPD.
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7.2 Data Integrity

Care will be taken throughout the performance of the operations for this FOP to ensure

the integrity of all data collected including paper documentation and data collected on magnetic

media. Duplicate copies of all data will be produced no less frequently than weekly and

duplicate copies will be maintained in separate facilities to ensure that data are not lost. Data

transfer will be performed using procedures described in the WIPP QAPD to ensure the

traceability of all transferred data.

7.3 Instrument Calibration

All work performed by or for SNL as part of this FOP will be performed with calibrated

instruments and equipment in accordance with the WIPP QAPD. Calibration data will be

maintained on site throughout the conduct of the drilling program and duplicate copies will be

maintained in a separate location. Instruments requiring periodic calibration will be removed

from service according to QA maintenance schedules and calibrated before being returned to

service. All equipment calibrated by the manufacturer will not be allowed to be utilized in the

drilling and testing under this FOP until current calibration data are supplied for the equipment.

Manufacturer’s calibration data will become part of the permanent testing documentation.

7.4 Required Reports

The following reports will be required to ensure proper documentation of activities under

the WIPP QAPD.

7.4.1 Daily Drilling Log and Borehole History

The SR shall maintain a daily drilling log that shows dates and time of operations, site

personnel including rig crews, drilled and cored intervals, drilling time of cored intervals, drilling

weight rota~ speed and circulation rate, type of circulating fluid, tested intervals, and any other

information germane to the field operations. The SR shall also document all inspections,

4’2
A-52



. .

decisions,andchangesinplansinthisdailydrillinglog. Followingcompletionoffieldactivities

associated with the chilling and coring operations, a borehole history of the drilling activities will

be prepared by the SR from these and other pertinent records. A reproducible copy of this

borehole history will be forwarded to Manager, SNL WD?P Site Operations Department 6743,

and to the SNL PI, Geohydrology Department 6115.

7.4.2 Daily Report

The SR will prepare a daily report of activities, summarized from the daily drilling log,

for the Manager, SNL WIPP Site Operations Department 6743. Daily reports will also be

telefaxed to the SNL PI, Geohydrology Department 6115. Copies of the daily reports will be

kept on file in the SNL field trailer at the H-19 hydropad.

7.4.3 Field Logbooks

Separate field logbooks shall be kept for (1) core logging and (2) hydraulic and tracer

testing activities. These shall be bound logbooks with sequentially numbered duplicate pages for

carbon copies. The field logbook for core logging is the responsibility of the site geologist and

shall contain, at a minimum:

● times, dates, and intervals of all core runs;

● core recoveries (percentage) from each core run, explaining probable location(s)

of core loss;

● pipe tallies and other information used to establish core depth;

● an inventory of core boxes, listing core run(s) and intervals in each box;

● a log of all core photographs taken;

● information on cleaning, wetting, and breaking of core; and

● any other information pertinent to the condition of the core.

The field logbook for hydraulic and tracer testing is the responsibility of the HTC and

shall contain, at a minimum:
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● times, dates, and intervals of all hydraulic and tracer tests;

● lists of all WIPP procedures used for each tes~

● lists, including model and serial numbers, of all equipment used in the tests;

● tubing tallies and other information used to establish test depths;

● sketches of all equipment configurations, showing measured dimensions;

● a log of all photographs taken of the equipment and activities;

● step-by-step descriptions of all activities performed,

● rationale for, and documentation of, all decisions concerning test intervals,

durations, deviations from procedures, or other factors;

● a record of all manually performed measurements;

● a log of all samples collected;

● a log of data files collected by the DAS; and

● any other information pertinent to the testing.

The field logbooks can be supplemented by data contained on forms, but each individual

form and its contents must be noted in the appropriate field logbook.

7.4.4 Miscellaneous Records

Several types of records willi be kept on site during the conduct of field operations.

Copies of these records will be kept at the office of the Manager, SNL WIPP Site Operations

Department 6743, and other copies will be forwarded to Geohydrology Department6115 and the

SWCF. These records will be useful in documenting the history of the field operations and

include:

● driller’s daily summary sheets, drilling-bit inventories, and drilling-fluid history;

● drilling-rig and other equipment certifications;

● drilling-history charts;

● waste-water disposal manifests;

● equipment manifests; and

● cost and billing information regarding contracted services.
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8. SAFETY

SNL field operations will be conducted on land controlled by the WID and the field

operations team assembled for this FOP will follow all WID safety practices and policies. Two

SNL SOPS and hazard analyses instituted for geotechnical fieldwork have been submitted for

WID approval:

● ES&H SOP, SP472433, Geotechnical Field Operations for Department 6111

(Department 6111 9/92); and

● ES&H SOP, SP471049, Use of (Logging and Support) Vehicles at Field Sites

(Department 6111 6/91).

Operationalsafetyfor individualfield operationswill be addressedthroughthe SNL
ES&H SOPS developed by SNL. Project-specific WIPP-site safety procedures will be approved

through the SNL PI, WIPP-site WID safety personnel, and the SNL WIPP-site Safety Advisor.

ES&H SOPS applicable to the drilling program include those relating to identification of potential

hazards; emergency-shutdown procedures; and personnel to be contacted in case of emergencies.

8.1 Safety Requirements

The equipment required for this FOP will include commercially available or SNL-

fabricated equipment that will be tested and approved for use. All equipment will be operated

in accordance with the appropriate allowable operating pressures and in accordance with the SNL

ES&H pressure-safety manual. Pressure ratings for individual parts such as valves and pressure

tubing will be either marked by the manufacturer with the maximum allowable operating pressure

or such information will be made available in written documentation according to guidelines of

the SNL Center 6700 Safety Representative for WIPP-Site Operations, or the SNL Center 6100

or 6300 Pressure Safety Advisor for WIPP-site test operations.

Additional safety requirements to be observed by field personnel are
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

appropriate use of safety shoes, safety glasses, hard hats, and protective gloves;

ensuring adequate fuel is available for all field vehicles, especially those traveling

to remote locations;

proper installation and safely procedures when handling electrical submersible

pumps and other electrical equipment;

proper procedures for operation of diesel-powered generators for on-site electric

power;

observation of scheduled working hours and driving time;

familiarity with on- and off-site road conditions and driving regulations;

familiarity with the locations of First Aid supplies, medical support facilities, and

fire extinguishers and other safety equipment

familiarity with the location of lists of emergency telephone numbers and persons

and offices to notifi in the event of emergencies;

familiarity with the location of posted crew schedules; and

familiarity with the location of all MSDS information.

All field personnel assigned to the field operations described in this FOP will receive a

safety briefing before the beginning of field operations. In addition, the field-site or shift

supervisor will conduct daily safety meetings at the beginning of daily operations or at the

beginning of each shift. All personnel receiving safety briefings are required to sign and date

the safety-briefing form as part of safety-documentation procedures.

The use of calorimetric tracers does not require additional safe~ considerations. The

compounds to be used as tracers are considered to be generally safe and nontoxic.

8.2 Special Training

All SNL and WIPP-site contractor personnel must receive WIPP-site General Employee

Training (GET) followed by annual refreshers as part of employment requirements at WIPP. No

other special training requirements are anticipated in addition to the GET and the safety briefings

described in Section 8.1.
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date:

to:

from:

subjecfi

March 24, 1995

Jerry Mercer, 9333, MSI f156

ilLc’u
t

Rick Beauheim, 6115, MS1324

Deviation from Field Operations

Sandia National Laboratories

Albuquerque, New Mexico 87185-1324

Plan Well Construction and Preliminatv Testina
on the H-19 Hydropad at the WIPP Site

Due to the drilling tools lost in well H-19bl, that well location will be abandoned. To .
preserve the desired well symmetry on the hydropad, a new location for the central well will
be established. The location for the new well, to be designated H-19b0, is to be 50 ft due
south of the H-19bfl location. With reference to Figure 2-1 in the Field Operations Plan
(FOP), we will preserve the old locations established for wells H-19b3 and H-19b4, and
relocate H-19b2 50 ft due south of H-19b0. The orientations of wells H-19b5, H-19b6, and
H-1 9b7 will also be shifted from those shown on Figure 2-1. A figure showing the revised
well layout is attached. As before, the exact locations of H-19b5, H-19b6, and H-19b7 are

tentative - final positions willbe determinedfollowingthe preliminarytracer test.

With regard to H-19b0, no coring will be performed above the casing. point as the required
core has already been obtained from H-1 9bl. The hole should be rota~ drilled to the
casing point in the lower Tamarisk as. quickly as possible. At that point, we will resume
operations at step 9 outlined for the primary borehole in the FOP, Section 2.1, p. 8.

Please contact me if you have any questions about this deviation from the FOP.

cc P.B. Davies, 6115
A.R. Lappin, 6115
L.C. Meigs, 6115

C.S. Chocas, 6115
A.R. Sattler, 6111, MSI033
J.R. Trone, 6700, MS1395
D.L. Cole, 6743, MS1395
SWCF-A, MS 1330: 1.1.5.3.~ Field Studies, Test Plans
M.B. Kloska, INTERA
W.A. Stensrud, INTERAAIVIPP
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date: July 19,1995

Sandia National Laboratories

Albuquerque,New Mexico87185-1324

to: Distribution

fkmx RickBeauheim,6115, MS 1324

subjecfi Memorandum of Record documenting modifications to Field Operations Plain Well
Construction and PreIiminaxy Testing on the H-19 Hydropad at the WIPP Site

The purpose of this memorandum is to document modifications made to the referenced
Field Operations Plan (Fop). These modifications are not significant changes that alter the
objectives of the FOP, but refinements that 1) ckui~ coring procedures 2) permit the useof the
BASyS data-acquisition system; 3) clarify the requirements for manual data acquisitioxq
4) change the dataquality objectives to reflect test requirements and not instrum ent
specificatiorq 5) clari~ the quality assurance requiremen~, 6) allow changes to procedures
during field operatioIIs; 7) clari& instrument calibration requirements; and 8) clari~ records
requirements and alIow more flexibility in documenting the work.

1. Changethe second paragraph of Section 2.4.1 as follows:

The site geologist shall ensure QA records (see section 7.4.3) are kept showing datesand
times of all core runs, beginning and ending depths of all core runs (established as outlined in
Section 2.9), core recovery percentage from each ~ and such variations in penetration rate as
might be observed. The QA r~rds shall also include a core-photography log listing ail
photographs taken and associated depths (see Section 2.4.5) as well as a summary of how the
wre is boxed. Copies of all QA records will be kept on site throughout the drilIing and coring
operation.

2. Change the last sentence in Section 2.4.2. as follows:

Troughs will be marked with different distinct colors at each en~ preferably red at the
top end and black at the bottom indicating down direction of the core.

3. Change Section 2.4.3 as followx

The site geologist wilI log the core at the time of collection using SNL WIPP Form
Number 393: General Purpose Core-Log Inventory. The core piecesshall be matchedtogether

&ccptionalService in I& National Interest
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as snugly as possible and two parallel lines shall be drawn down the length of the core using
indelible markers. The downward direction of the core shall be clearly indicated. Each complete
core run will be marked in feet and tenths of feet. The reference datum for depth will be the
primary datum established by the SR. Any lost core will be logged at the bottom of each interval
unless known to be otherwise and so explained on the core log. Core 10SSshould be indicated in
the core-storage boxes using a block of wood with the estimated core-loss interval marked with
visible waterproof ink.

A detailed geologic description of the core shall be recorded on the core logging form.
Lithologic, sedimentologic, and mineralogic variations shall be note~ with depths referenced to
at least the nearest 0.1 ft. All visible fizctures shall be logged at the depth of the midpoint of the
i%uxure, and the dip angle and Ilacture filling or staining (if any) shall be noted. At this time, no
closed features, such as cemented fi-actures, shall be opened by the site geologist or other field
person. Such features shall be presemed for later deliberate study of delicate mineral or
structural features, includmg measurement of Iiacture apertures.

4. Change the last sentence in Section 2.4.4. as follows:

If core is washed with other fluids, this occurrence will be documente~ stating the type
of flui~ the intervals so exposed, and the date and time of the occurrence.

5. Change Section 2.4.6 as follows:

After the core has been photographe~ it will be boxed for storage in the WIPP-site core
library. The following core will be sleeved prior to being placed in core boxes: a) claystone and
mudstone from the Rustler Formation interbeds, b) all core from the Magenta Dolomite Member,
and c) all core from the Culebra Dolomite Member. It is permissible, but not require~ to sleeve
other core. All core boxes shall be labeled sequentially with well number, date, core run number,
and depths of the core pieces in each box. Breaking the core to fit the boxes should be
minimized as much as possible. All artificial breaks shall be documented and shall also be
i.rdcated on the core itself using an indelible marker. After completion of coring in each hole, a
Sample Chain of Custody (Form 126) will be prepared in accordance with WIPP Procedure 263:
Sample Tracking System. The core boxes and chain of custody will be transmitted to the WID
core library, where the core will be logged in by the WID core-library custodian. All core must
be protected from freezing between the time it is wllected and when it is transferred to the COr’O
library.

6. Changethe last sentence in Section 2.8.1 as follows:

The HTC will document the test intexvals selected for all hydraulic and tracer tests.

7. Change the thiid sentencein section 2.8.2 as follows:

The pressure (and temperature) data will be monitored and recorded using a computer-
controlled DAS (see Section 4).
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8. Change the second paragraph, third sentence in Section 3 as follows:

A computer-controlled DAS will-be used to monitor and record the pressure data.

9. Change the second paragraph of Section 4. to:

The electronic data acquisition will be performed using computer-controlled DASS.
Data will be acquired using either the SNL PERM DAS similar to the one used for tbe H-1 1
convergent-flow tracer test (stensrud et al., 19$)0)shown schematically in Figure 2-4 or the
Baker Oil Tools BASyS system. The DMs will send andreceive signals tdtim the pressure-
and temperature-measurement devices and ~ord their responses on the computer’s hard disk
and floppy diskettes. Data acquired from the flow-control system and downhole pressure sensors
wilI be operationally verified using W’Ippprocedure 501 Installation System Verification
During Gage Connection to HP-3497A Stand-Alone Data-Acquisition Systems. The SNL
PERM DAS code is being q~[ified in accordance with W WIPP QAP 19-1, Rev. F, for Grade
A codes and as specified in WIpp procedure 509: operation of the PERM DAS Program. The
BASys DAS is leased from tie supplier and is controlled by proprietary soilsvare. Thk system
will undergo verification testing prior to use and will be operated as specified by the user’s
manual provided by the supplier.

10. Delete the list of WIPP Procedures from Section 4 and add the following tefi

Manual data collection wilI be carried out either using forms designed specifically for
each activity or data type or by o~er appropria~ means.. To minimize transcription errors and
multiple recordings of the same information, the use of forms specified in the WIPP procedures
is not mandatory. The H’TCwiIl ensure that all quaiity-aflkcting Mormation is documented as
part of the QA records.

11. Change the following &ta-quality objectives in Table 5-1 as indicated below

Baromete~ ResolutioIx 5 mb Accuracy *lOmb
Pressure Transmitted Temperature Range: 0°- 40”C
Hydromete~ Resolution 0.001 ghnL Accuracy +0.002 ghnL
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12. ReplaceSection 7.0 with the following teW.

7. QUALITY ASSURANCE

7.1 Quality Assurance Requirements

7.1.1 Hierarchy of Documents

Several types of documents are used to control work pefionned under this FOP. If
inccmsistencies or conflicts exist among the requirements specified in these documenm the
following hierarchy shall apply

. Memorandum or other written instruction modi~ng the FOP (most recent
instructions having precedence over previous instructions)

● Field Operations PIarx WeII Construction and PreIiminaxy Testing on the H-19
Hydropad at the WIPP Site

. SNL WIPP QAPD, Rev. P (see Section 7.1.3)

. SNL WIPP Quality Assurance Procedures (see Section 7.1.4)
● SNL WIPP Procedures (see Section 7.1.5)

7.102 Quaiify-Affixting Activities

The majority of activities performed under this FOP, including drilling and well
developmen~ diesel generator operation, water-quality da@ and preliminary testing activities,
are not qual@ aff~ting as they do not provide information which supports Performance
Assessment or regulatory compliance. These activities are not subject to the requirements of the
SNL Quality Assurance Program Description or Quality Assurance Procedures, but will be
conducted accordingto industry standards and as described in this FOP.

Information that is quality tiecting includes:

●

●

●

● ✍

●

●

●

borehole and core depths
geophysical logs
core logs
borehole-deviation sumeys
cdper logs
fracture location and orientation information
the single-well tracer test (see letter from L. Shepherd to D. Lark date June 7, 1995)

7.13 Quality Assurance Program Description

Qualky-affecting activities conducted underthk FOP are subject to the following qmlity
assurancerequirements as specified in the SNL WIpp Quality Assurance Program Description
(QAPD), Rev. P:

. Section 2, Quality Assurance Program (Sections 23,2.5,2.6, and 2.n,
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●

●

●

●

●

●

●

●

●

●

●

Section 4, Procurement Document Control;
Section 6, Document Contro~
Section 7, Control of Purchased Items and Semiceq
Section8, IdentificationandControlof Items;
Section 11,TestControl(Sections11.1and 11.2 only)
Section 12,Controlof MeasuringandTestEquipment
Section 13,Handling,Storage,andShipping
Section 15,Controlof Nonconformances;
Section 16,CorrectiveAction;
Section 17,QualityAssuranceRecordqand
Section 19,ComputerSofhvare

The SNL WTPP QAPD meets the requirements of NQA-1-1989 (ASW 1989), DOE
5700.6c, and Chapter 11 of the Final SajetyAnalysis Report (WP 02-9). The WIPP QAPD has
been approved by the DOE Carlsbad Area OffIce (CAO) for all WIPP activities assigned to SF/L.

Due to schedule and budget constraints, revisions to the SNL QAPD effective after
approval of this FOP will not apply unless directed by the SNL PI or HTC.

7.1.4 QutiIty Amwance Procedures

Various aspects of the quality affecting-work described in this FOP are controlled by one
or more SNL WIPP QuaIity Assurance Procedures (QAPs). The QAPs relevant to operations
mnducted under this FOP include

● QAP 2-2, Rev D, Qualification & Tminiig Program
● QAP 4-1, Rev& WIPP Contractor Quality Assurance Requirements
. QAP 6-1, Rev. D, Document Control Procedure
. QAP 12-1, Rev. A, Calibration Program
● QAP 17-1, Rev. ~ QA Records Requirements
● QAP 19-1, Rev. F, WIPP Computer Software Requirements

Due to schedule and budget constraints, revisions to the SNL QAPs effective afler
approval of thk FOP will not apply unless d- by the SNL PI or HTC.

7.1.5 WIPP Procedure9

TheWIPPProcedureswhichmayapplyto workpetiormedunderthisFOPinclude

WIPPProcedure263: SampleTrackingSystem
WIPPProcedure472: IntensifierPump:OperationandUse
WIPP Procedure 505: Pumping Tests
WIPP Procedure 50Z Installation System Verification During Gage Connection to HP-

3497A Stand-Alone Data-Aquisition Systems
WIPP Procedure 509: Operation of PERM DAS Program
WIPP Procedure 510: Manual Start of Remote Diesel Generators
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WIPP Procedure 512: Depth-to-Water Measurement Using Solinst Brand Electric
Sounder

WIPP Procedure 513: Water Quality Datrc Measurements of Specific Gravity,

Conductance, pH, and Temperature
WIPP Procedure 514: Verification of Totalizing Flow Meter Measurements Using a

Verified Standpipe
WIPP Procedure 515: Slug and Drillstem Testing

Operation of diesel generators as described in WIPP Procedure 513 is not a quality-
affecting activity an~ therefore, the maintenance of records (e.g., Form 146) is not mandatory
and will be done at the discretion of the HTC.

Mo&fications to these procedures maybe required during the field operations. Such
modifications are not deviations and wii[ not be reported as nonconformances that require
corrective action. However, modifications will be documented as pact of the QA records.

7.2 Data Integrity

Care will be taken throughout the performance of the operations for this FOP to ensure
the integrity of all data collected including documen~”on on hard copy and data collected on
magnetic medk Duplicate copies of all data will be produced no less frequently than monthly
and the duplicate copies will be mfit,a,ined at a location separate from the H-19 hydropad to
ensure that data are not lost. Data collected during testing activities shall not be released unless
and until the data are reviewed and approved by the SNL PI.

7S Instrument Calibration

All quality-affecting work performed by or for SNL as part of thk FOP will be done
with calibrated instruments and equipment in accordance with the WIPP QAPD and QAP 12-1.

Measurements of specific gravity, conductance, p~ and temperature as specified in
WIPP Procedure513 are qualitative in nature and are used only to indicate relative changes in
the quality of the fluid produced from the H-19 welh. Instruments used for these measurements
should meet the data-quality objectives (see Table S-I), as determined by the manufacturers’
specification% but will not requh calibrations traceable to NIST or other nationally recogntid
s!andards.

Hydrometers and thermometers used to perform specific gravity measurements as part of
&illStem and slug tests mm be cefified by the m~~acwer to meet the data-qwdity objectives
specified in Table 5-1.

NIST or other nationally recognized standard are not available for geophysical logging.
Wlbration of geophysical loggkg ~ents shall be conducted accordimgto the contractor’s
procedures.
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7.4 Required Records

Records shall be maintained as described in this FOP and referenced QA implementing
procedures. These records may consist of bound notebooks, loose-leaf pages, forms, printouts,
or information stored on electronic media. The minimum requirements for records are discussed
below.

7.4.1 Daiiy DrilIing Log and Borehole History

The SR shall maintain a daiIy drilling log that shows dates and time of operations, site
personnel including rig crews, talIies and measurements used to establish borehole depths,
drilled and cored intervals, drilling time of cored intervals, type of circulating fluid, tested

intervals,andanyotherinformationgermanetothefieldoperations.

7.4.2 Daily Report

The SR will prepare a daily report of activities, summarized from the daily drilling log,
for the Manager, SNL WET Site Operations Department 6743. Daily reports will also be
telefaxed to the SNL PI, GeohydroIogy Department 6115. Copies of the daily report will be
kept on fiIe in the SNL field trailer at the H-19 hydropad.

7.43 Core Logging

Unless othenvise directed by the SNL PI, the site geologist shall be responsible for
maintaining records of core logging activities, including:

●

●

●

●

●

●

●

●

●

times, dates, andintervakof ali core runs;
persons peri?ormingcore loggin~
core recoveries (percentages) from each core ~ explaining probable locations(s) of
core 10ss;
Normation establishing core depths;
geologic description of the cow
logs of all photographs take~
information on ckanin~ wettin~ and breaking of corq
other information pertinent to the condition of the w=, and
an inventory of core boxes

7.4.4 Hydraulic and Tracer Testing

Unless otherwise directed by the SNL PI, the HTC is responsible for maintaining records
related to hydraulic and tracer tests. Where applicable, documentation will include:

. times, dates,and intervals of all hydraulic te~,
● persons performing tests;
● test procedures usd,
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●

●

●

●

●

●

●

●

●

●

equipment and tools used, including model, make, and serial number where
applicable,
tubing tallies or other information used to establish test depths;
sketches of equipment configurations, along with dimension
log of photographs taken of the equipment and activities
description of activities perforrne~
rationale for decisions concerning test intervals, durations, modifications to
procedures, or other factors;
manually collected da-,
data files collected by the DAS;
samples collect~, and
other information pertinent to the testing.

7.4.5 Miscellaneous Records

Additional records that are usefi,d in documenting the history of the field operations may
be maintained and submitted to the SWCF. These records include:

●

●

●

●

●

●

●

e

drilIer’s daily summary sheets, drilling-bit inventories, and drilling-fluid histow,
drilling-rig and other equipment certifications;
drilling-history char@
waterquality measuremen~,
information related to operation of diesel generate=,
waste-water disposaI manife*,
equipment manifests; and
cost and billing information regarding contracted services.

These records do not support Petiormance Assessment or regulato~ compliance an~
therefore, are not quality-affecting information.

7.4.6 Submittal of Records

Records resulting from work conducted under this FOP, including fomts and data stored
on electronic medi~ will not be submitted to the SNL Quality Assurance Department for review
and approval as specified in the WIPp procedures. - the records will be assembled into
records package(s) which will be reviewed by the SNL PI and submitted to the SWCF.
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Distribution:

MS 1324 P. Davies,6115

MS 1324 A.Lappin,6115
MS 1324 R.Beauheim,6115
MS 1324 L.Meigs,6115
MS 1324 C.Chocas,6115
MS 1341 A. Stevens, 6706
MS 1495 N. Simmons, 6700
MS 1495 N. Tenc~ 6700
MS 1495 Dave Cole, 6743
MS 1156 J. Mercer, 9333
MS 1033 A.Sattler;6111
MS 1495 Lillie Austin, 6743 (attm J. Mercer, A. Sattler)
MS 1495 Don Fulton, INTERA, WIPP
MS 1495 Wayne Stensrud, INTER& WIPP
MS 1495 Carl Young, INTERA, WIPP
Matthias Klos~ INTEIL4 (Albuquerque)
George Saulnier, INTERA (Austin)
SWCF-A:l.l.5.3.4:PUB:Test PlamQAH-19 FOP
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Sandia National Laboratories

Albuquerque, New Mexico 87185-1324

date: June 9, 1995

to: Dave Cole, 6743, MS1395

from: Rick Beauheim, 6115, MS1324

subject: Location and Drillingof Well H-19b5

We have established the location for the next well to be drilled at the H-19 hydropad,
H-1 9b5, and would like drilling to begin as soon as possible. Relative to the surface
location of well H-19b0, H-19b5 should be drilled 19 ft south and 40 ft west. This location
is shown on the attached figure. Please measure and stake this location so Abbott Bros.
can set surface casing for this well tomorrow. This is not a high-precision task; a few feet
one way or another does not matter.

H-19b5 is to be rotary drilled to the casing point in the lower Tamarisk. No core will be
taken to the easing point. After the hole is cased, we will have to wait until the preliminary
tracer test is completed before coring through the Culebra. If we know where we want to
drill the sixth well before the tracer test is completed, we may want to move the rig to that
location and complete that hole before pulling back over H-19b5 to core the Culebra. The
Culebra will be cored in H-19b5 (and all other new wells) using compressed air as the
circulation medium. The Culebra interval willthen have to be reamed using the 5%-inch bit
so that the hole is the same size as H-19b2, 3, and 4.

Please confer with Jeny Mercer, AlIan SattIer, and the drilling crew about how the drilling
practice might be improved to reduce hole deviation. if drilling needs to be slowed down,
thereby increasing the time required to complete a well, so be it.

Please contact me if you have any questions about these directions.

cc A.R. Sattler, 6111, MS0706

P.B. Davies, 6115, MS1324
A.R. Lappin, 6115, MS1324
L.C. Meigs, 6115, MS1324
C.S. Chocas, 6115, MS1324
J.W. Mercer, “9333, MS1 156
M.B. Kloska, INTERA
W.A. Stensrud, INTERA, WIPP
SWCF-A:l.1 .5.3.4: FOP: QA:H-1 9 well locations
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1-1-19Well Surface Locations
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date:

to:

from:

subject

,.. .

Sandia National Laboratories

Albuquerque, New Mexico 87185-1324

Juiy 7, 1995

Dave Cole, 6743, MS1395

Rick Beauheim, 6115, MS1324

Locationand Drillingof Well H-19b6

We have established the location for the next well to be drilled at the H-19 hydropad,
H-19b6, and would like drilling to begin as soon as possible. Relative to the surface
location of well H-19bl, H-19b6 should be drilled 19.3 ft nodh and 10.9 ft east. This
location is shown on the attaohed figure. Please measure and stake this location so Abbott
Bros. can set surface casing as soon as they can be mobilized. This is not a high-precision
task a foot one way or another does not matter.

H-19b6 is to be rotary drilled to the casing point in the lower Tamansk. No core will be
taken to the casing point. After the hole is cased, you can either wait on the hole until the
cement has set for the required time and then immediately complete the hole through the
Culebra, or you oan move the rig over to H-19b5 and complete that hole through the
Culebra and then move the rig back to oomplete H-19b6. In either case, drilling takes
priority over other activities on the pad. The preliminary tracer test will end when you are
ready to core through the Culebra in either H-19b5 or H-19b6. The Culebra will be cored
in H-19b6 (and all other new wells) usina compressed air as the circulation medium. The
Culebra intewal will then have to be rea-med using the 5V’a-inchbit so
same size as H-19b2, 3, and 4.

Please contact me if you have any questions about these directions.

cc A.R. Sattler, 6111, MS0706
P.B. Davies, 6115, MS1324
A.R. Lappin, 6115, MS1324
LC. Meigs, 6115, MS1324
C.S. Chooas, 6115, MS1324 .
J.W. Mercer, 9333, MSI 156
M.B. Kloska, INTERA
WA. Stensrud, INTERA, VVIPP
SWCF-A:l.1 .5.3.4 FOP:UH-19 well locations

that the hole is the

Exceptional Servica in the ivetionel Interest
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H-1 9 Well Surface Locations
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Sandia NationalLaboratories
Albuquerque, New Mexico 871 8S-1 324

date: July 24, 1995

to: Dave Cole, 6743, MS1395 “

Kt4tkfb&&
from: Rick Beauheim, 6115, MS1324

subjecti Location and Drillingof Well H-19b7

We have established the Iooation for the next well to be drilled at the H-19 hydropad,
H-1 9b7, and would like drilling to begin as soon as possible. Relative to the surface
locationof well H-19b0, H-19b7 should be drilled 28.9 ft south and 4.1 ft east. This Iooation
is shown on the attached figure. Please measure and stake this location so Abbott Bros.
can set surface casing as soon as they can be mobilized. This is not a high-precision task
a foot one way or another does not matter.

H-1 9b7 is to be rotary drilled to a depth of 685 ft in the Tamarisk Member of the Rustler
Formation. From 685 ft to the casing point at approximately 735 R, the hole ‘should be
cored using the wireline-coring assembly. This coring can be done using either brine or air
as the circulation medium. After the hole is cased, the remainder of the hole to
approximately 785 ft ~. D.) is to be cored with air. The interval below the casing will then
have to be reamed using the 5%-inch bit so that the hole is the same size as H-19b2, 3,

and 4.

To stabilize the hole below the Culebra dolomite, we want the drillers to install 5+%-inch
Centron DHC300 casing in the bottom of the hoie. This casing should be cut to exactly the
length that the hole continues past the base of the Culebra. This casing should be installed
as soon as the drillers complete reaming of the hole to T.D. The casing w“II not be
cemented in place; we will simply allow the clay to squeeze around it. To get the casing
to the bottom of the hole, a packer should be inflated inside the casing at the surface, and
then the packer (and casing) will be lowered in the hole on 2%-inoh tubing. If the hole
eaves in before the casing can get to bottom,we will determine how deep we can get and
then decide whether to: (1) pull out, clean out the hole, and try again; (2) pull out, cut a
portion of the casing off, and run it back i~ (3) release the casing and remove the packer,
and then run in with the bit (or something else wider than the casing) and attempt to push
the casing down; or (4) something else. If we are successful with this operation, we w“II
likely do it also in H-19b2 through 6. To this end, please immediately order six 29-ft joints
of the 5%-inch Centron DHC300 casing. The mst should be low enough for Martha to be
able to place the order.

Please contact me if you have any questions

c A.R. Sattler, 6111, MS0706
P.B. Davies, 6115, MS1324
A.R. Lappin, 6115, MS1324
L.C. Meigs, 6115, MS1324

about these directions.

C.S. Chooas, 6115, MS1324
J.W. Mercer, 9333, MS1 156
M.B. Kloska, INTERA
W.A. Stensrud. INTERA, VVIPP

SWCF-A~l.1 .5.3.4: FOP:QA:H-19 well locations - .

Exceptional Service in the National Mm@
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1-1-19 Well Locations
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HYDROLOGICDRILLHOLEH-19b0

ABRIDGED HOLE HISTORY

NOTE: All depths are measured from ground level.

The following hole history was abstracted from Sandia National Laboratories’ daily drilling

records. Drillhole, H-19b0 is a replacement hole for drillhole H-19b 1 which was abandoned
because unrecoverable tools were stuck in the hole. Tailgate safety meetings were held each day
prior to beginning operations.

3-28-95 Rigged up Water Development rig, Dresser T70W over 20-inch surface casing at
H-19b0 location; established depth control for well (v-notch cut in surface casing). Setup mud
pumps and shale shaker. Made up drilling assembly consisting of a 12.25-inch tricone bit and
tripped in hole to bottom of surface casing at 38 ft. Broke tower at 1450 hr, began drilling 12.25-
inch hole using saturated brine as drilling fluid. Drilled to 70 ft; circulated hole clean and tripped
out drill pipe. Secured site at 1730 hr.

3-29-95 Made up new drilling assembly by adding collars to string. Tripped in to 70 ft;
circulated hole and began drilling 12.25-inch hole at 1100 hr. Drilled from 70 ft to 134 ft;
circulated hole and tripped out drill pipe to collars. Site secured at 1750 hr.

3-30-95 Trip in hole with drill pipe to 134 h, circulated hole with saturated brine water and salt
gel. Continued drilling 12.25-inch hole from 134 ft to 248 ft. Some problems with mud.
Circulated hole and tripped out to collars. Site secured at 1815 hr.

3-31-95 Decided to change out drilling fluid and mix salt gel with saturated brine water.

Conducted routine rig maintenance. Tripped in to 248 ft and continued drilling; still having
penetration problems. Drilled to 260 ft and circulated hole for several hours. Pulled back to
collars and secured site at 1810 hr.

4-01-95 Tripped in with drill pipe and circulated and reamed back to bottom at 260 ft. ~
Continued drilling 12.25-inch hole from 260 ft to 343 ft using saturated brine and salt gel.
Circulated hole and pulled back to collars. Site secured at 1645 hr.

4-02-95 Run in hole with drill pipe and circulated hol~ very little fill. Continued drilling from
343 ft to 508 ft using saturated brine and salt gel as drilling fluid. Addition of mud pump
increased mud volume and increased penetration rate. Circulated hole and tripped out drill pipe

to collars. Site secured at 1745 hr.

4-03-95 Tripped in hole; encountered little fill. Continued drilling 12.25-inch hole from 508 ft
to 601 ft. Drilling fluid continued to consist of saturated brine and salt gel. Circulated hole and
tripped out drill pipe to collars and secured site at 1900 hr.

4-04-95 Put liners in mud pump. Tripped in drill pipe and continued drilling from 601 fi to
679 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1700 hr.

4-05-95 Tripped in drill pipe and continued drilling 12.25-inch hole from 679 ft to 728 ft,

which is point in hole that drilling the 12.25-inch hole ended. Will rig up to ream hole.
Circulated hole and tripped out drill pipe, collars, and bit. Site secured at 1915 hr.
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4-06-95 Wggedup hole opener torem12.25-inch holeto14.75 inches. Tripped inhole with
reaming assembly to 37 ft. Began reaming operation using saturated brine water with salt gel.
Reamed hole from 37 fi to 283 &, circulated hole and tripped out drill pipe to collars. Worked on
mud pump. Site secured at 2030 hr.

4-07-95 Tripped in the hole with drill pipe and circulated the hole of cuttings (fill) that had

settled out. Continued reaming the drillhole to 14.75 inches from 283 ft to 572 ft using brine

water with salt gel as drilling fluid. Circulated hole and tripped out drill pipe to collars. Site
secured at 1740 hr.

4-08-95 Tripped in the hole with drill pipe and circulated hole. Continued reaming 12.25-inch

hole to 14.75 inches from 572 R to casing depth of 735.5 ft. Circulated hole clean and tripped

out drill pipe to collars. Site secured at 1945 hr.

4-09-95 Tripped in drill pipe and circulated hole in preparation for geophysical logging. Only
2 ft of fill on bottom. Tripped out of hole with drill pipe, collars, and hole opener. U.S.
Geological Survey geophysical loggers on site at 1420 hr. Rigged up loggers and ran natural
garnm~ neutron porosity, and caliper logs to total depth. Rigged down U.S. Geological Survey
at 1715 hr. Notified State Engineer’s ofllce and cementers of plans to run casing and cement the
well tomorrow. Site secured at 1730 hr.

4-10-95 Jnspected and tallied 27 joints of Centron DHC 350, 9.12-inch, 8.7 lb/ft fiberglass
casing. Placed a combination guide shoe-float collar on bottom of frost joint. Rigged up and ran
27 joints of casing setting the bottom of guide shoe at731.9 ft. Centralizers were placed on the

top of guide shoe-float collar and on top of casing joints numbers 1,4,8, 11, 14,20, and 24.

Western Cementing company on site at 1430 hr. Western rigged up circulation head and broke
circulation. Commenced cementing operations at 1605 hr and pumped a slurry that included
70-30% pozzolan cement with 5% salt, 2% bentonite followed by a tail cement slurry consisting
of Class C cement with 2% calcium chloride. Plug dropped and pumped down and cementing
head was shut in at 1720 hr. About 127 sacks of cement were circulated to the surface and put in
the pits. Rigged down Western and secured the site at 1930 hr.

4-11-95 Wait on cement. Rig maintenance. Site secured at 1705 hr.

4-12-95 Rigged up to drill out cement. Tripped in drill pipe and 7.875-inch tricone bit and
dkplaced brine in casing with Culebrawater pumped from WQSP-4. Tagged top of cement and
fill at 685 ft. Began drill out of cement in casing. Drilled out cement and formation to core point
at 736.7 ft. Changed out drilling fluid contaminated with cement with Culebra water. Secured
site at 1730 hr.

4-13-95 Tripped out drill pipe and 7.875-inch bit. Rigged up Christensen-Boyles coring
equipment. Site secured at 1200 hr for days off.

4-14-95 ‘No drilling activity. Crew on break.

4-15-95 Nodrilling activity. Crew on break.

4-16-95 No drilling activity. Crew on break.

4-17-95 No drilling activity. Crew on break.

4-18-95 No drilling activity. Crew on break.
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4-19-95 Finished rigging up coring equipment. Core barrel is a 5-ft Christensen-Boyles
conventional barrel with a split inner barrel. The coring assembly is configured to cut 7.75-inch

hole and take a 5.875-inch core. Tripped in hole with coring assembly and drill pipe to coring

depth of 736.7 ft. Circulated hole with Culebra water as coring fluid. Began trial runs at 1131 hr
and cut core from 736.7 ft to 739.2 ft. Core cut very slow, questioned possibility of having
“junk” in hole. Tripped out of hole with coring assembly and drill pipe. Recovered 2.5 ft of core

and found pieces of metal on core bit. Tripped in hole with 7.875-inch tricone bit to clean out
hole. Mixed up bentonite slug to “sweep” hole. Circulated hole. Site secured at 1830 hr.

4-20-95 Drilled about one ft of formation to see whether any “junk” drilled up. Tripped out
drill pipe and 7.875- inch bit. Rigged up and tripped in drill pipe and conventional Christensen-
Boyles core barrel (7.75-inch bit to cut 5.875-inch core). Tagged bottom of hole at 740.3 ft.
Circulated hole and changed out drilling fluid with new Culebra water. Cored trial run from
740.3 ft to 740.8 ft and core barrel pressured up. Tripped out core barrel and recovered 0.5 ft of
core. Top of Culebra at 740.1 ft. Problems with inner barrel unscrewing. Called Christensen
and found out misinformation in operations manual; made changes and tripped in hole with core
barrel and drill pipe. Cored run #1 from 740.8 ft to 745.8 ft. Tripped out drill pipe and core
barrel recovering 5.0 ft of core (100%). Changed out speed drive on head. Site secured at 1815
hr.

4-21-95 Rigged up core barrel and added collars to drill string for extra weight. Tripped in
hole to coring depth at 745.8 ft and circulated hole. Cored run #2 from 745.8 ft to 750.8 ft.

Circulated hole and tripped out of hole with drill pipe and core barrel recovering 5.0 ft of core
(100%). Redress core barrel and tripped in and cut core #3 from 750.8 ft to 755.8 ft. Circulated
hole and tripped out with core barrel recovering 5.0 fi of core (100%). Tripped in with core
barrel and drill pipe and cut core # from 755.8 ft to 760.8 ft where core barrel pressured up.
Circulated hole. Tripped out with drill pipe and core bmrel recovering 4.6 ft of core (92%).

Redressed core barrel and run in hole to bottom of casing. Secured site at 1815 hr.

4-22-95 Tripped to bottom with core barrel to continue coring. Cut core #5 from 760.8 ft to

765.2 ft when core barrel blocked off. Circulated hole and tripped out with core barrel
recovering 3.6 ft of core (82%). Hit the contact between the Culebra Dolomite Member and the
unnamed lower member of the Rustler Formation at 764.4 ft. Redressed core barrel and tripped
in hole. Cored run #6 horn 765.2 ft to 770.2 ft and circulated the hole. Tripped out core barrel,
no recovery as core evidently slid out of barrel. Redressed core barrel checking out core catcher
and tripped back in the hole to try to recover core. Cored an extra 1.0 ft. Tripped out core barrel,
evidently catcher not holding and no core was recovered. Redressed core barrel and tripped in
hole to bottom of casing. Secured site at 1730 hr.

4-23-95 Tripped coring assembly to a depth of 771.2 ft and circulated the hole using Culebra

water for coring fluid. Cored run #7 from 771.2 ft to 773.7 fi and circulated the hole. Tripped
out coring assembly and recovered 4.4 ft core; however, unable to determine where core came

from as there was probably excess core from previous runs. Redressed core barrel and tripped in

the hole and cut core #8 from 773.7 ft to 778.7 ft. Circulated the hole and tripped out core barrel
recovering 4.9 ft of core. U.S. Geological Survey on site at 1400 hr to run geophysical logs.
Rigged up loggers and ran natural gamm~ gamma-gamma density, neutron porosity, and caliper

,.
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logs on cored interval. Logged to 778.2 & Rigged down USGS at 1630 hr. Demobilized rig
from H-19b0. Secured site at 1800 hr.

Operations associated with drilling completed on H-19b0.



HYDROLOGIC DRILLHOLE H-19bl

ABRIDGED HOLE HISTORY

NOTE: All depths are measured from ground level.

The following hole history was abstracted from Sandia National Laboratories’ daily drilling
records. Tailgate safety meetings were held each day prior to beginning operations.

2-13-95 Rigged up Water Development Dresser T70W drilling rig over the 20-inch surface

casing at H-19bl. Set temporary 6.625-inch protective casing inside the surface casing in
preparation for coring. Made up Christensen-Boyles wireline coring assembly with a 4.835-inch-
diameter diamond coring bit to cut 3.345-inch-diameter core. Held “kickoff’ meeting and an

inspection by Westinghouse safety was conducted. Secured operations at 1845 hr.

2-14-95 Picked up wireline coring assembly and wireline coring pipe and tripped in hole. The

coringassemblywasmadeupofa 5-ftcorebarrelwitha splitinnertube. Theholewascleaned
out to 36.8 ft using compressed air as a circulation fluid. Rigged up and cut core #1 (using air as
coring fluid) from 36.8 ft to 41.8 ft and recovered 5.0 ft of core (100%). Cut core #2 from
41.8 ft to 46.8 ft and recovered 5.0 ft of core (100%). Cut core #3 from 46.8 ft to 51.8 ft and
recovered 5.0 ft (100%). Cut core # 4 from 51.8 ft to 56.8 ft and recovered 4.9 ft of core (98%).
Cut core #5 from 56.8 ft to 61.6 ft and recovered 4.8 ft of core (100%). Cut core #6 from 61.6 ft
to 66.6 ft and recovered 4.3 ft of core (86%). Cut core #7 from 66.6 ft to 71.6 ft and recovered
4.9 ft core (98%). Cut core #8 from 71.6 ft to 76.6 ft and recovered 5.0 fi core (1OO%). Cut core
%2 from 76.6 ft to 81.6 ft and recovered 5.0 ft core (100%). Cut core #10 from 81.6 ft to 86.6 ft
and recovered 4.9 ft of core (98Yo). Cut core#11 from 86.6 ft to 91.6 ft and recovered 5.0 ft core
(100%). Cut core #12 from 91.6 ft to 96.6 ft and recovered 5.0 ft of core (100%). Cut core #13
from 96.6 ft to 101.6 ft and recovered 5.0 ft of core (100%). Cut core #14 from 101.6 ft to
106.6 ft and recovered 4.5 ft of core (90%). Cut core #15 from 106.6 ft to 111.6 ft and recovered
4.8 ft of core (96%). Cut core #16 from 111.6 ft to 116.6 ft and recovered 5.0 ft of core (100%).
Cut core #17 from 116.6 ft to 121.6 ft and recovered 4.5 ft of core (90%). Circulated hole clean
and conducted maintenance on rig. Site secured at 1830 hr.

2-15-95 Circulated hole with air and continued wireline coring operation. Cut core #18 from

121.6 ft to 126.6 ft and recovered 4.9 ft of core (98%). Cut core #19 from 126.6 ft to 131.6 ft
and recovered 5.0 ft of core (100%). Cut core #20 from 131.6 ft to 136.6 ft and recovered 5.0 ft
of core (100%). Cut core # 21 from 136.6 ft to 141.6 ft and recovered 5.0 ft of core (100%). Cut

core #22 from 141.6 ft to 146.6 ft and recovered 4.9 ft of core (98%). Cut core #23 from 146.6

ft to 151.6 ft and recovered 5.0 ft of core (100%). Cut core #24 from 151.6 ft to 156.6 ft and
recovered 4.9 ft core (98%). Cut core #25 from 156.6 ft to 161.6 ft and recovered 5.0 ft core
(100%). Cut core #26 from 161.6 ft to 164.0 ft and recovered 2.4 ft core (100%). Cut core #27
from 164.0 ft to 169.0 ft and recovered 4.8 ft of core (96%). Cut core #28 horn 169.0 ft to
174.0 ft and recovered 5.0 ft core (100%). Cut core #29 from 174.0 ft to 179.0 ft and recovered
5.0 ft of core (100%). Cut core #30 from 179.0 ft to 184.0 ft and recovered 2.2 ft of core (44%).
Hit a very sandy zone. Cut core #31 from 184.0 ft to 188.0 ft and recovered 2.7 ft of core (68%).
Cut core #32 from 188.0 ft to 193.0 ft and recovered 4.0 ft (80%). Cut core # 33 from 193.0 ft
to 198.0 ft and recovered 4.4 ft of core (88Yo). Problems with air bypassing seal around armulus.
Worked on seal. Trip out wireline pipe and coring assembly. Site secured at 1825 hr.
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2-16-95 Picked up Christensen-Boyles wireline coring assembly and tripped in the hole to
continue wireline coring operation. Circulatedhole using air-mist. Cut core #34 from 198.0 ft to
203.0 ft and recovered 5.0 ft of core (100%). Cut core #35 from 203.0 ft to 208.0 ft and
recovered 5.0 ft of core (100%). Cut core #36 from 208.0 ft to 213.0 ft and recovered 5.0 ft of
core (1OO%).Cut core #37 from 213.0 ft to 218.0 ft and recovered 5.0 ft of core (1OO%).Cut
core #38 from 218.0 ft to 223.0 ft and recovered 5.0 ft of core (100%). Cut core #39 from
223.0 ft to 228.0 ft and recovered 5.0 ft of core (100%). Cut core #40 from 228.0 ft to 233.0 ft

and recovered 5.0 ft of core (100%). Cut core # 41 from 233.0 ft to 238.0 ft and recovered 5.0 ft

of core (100%). Cut core #42 from 238.0 ft to 243.0 ft and recovered 5.0 ft core (100%). Cut
core #43 from 243.0 ft to 248.0 ft and recovered 5.0 ft core (1OO%). Cut core #44 from 248.0 ft
to 253.0 ft and recovered 4.9 ft core (98%). Cut core #45 from 253.0 ft to 258.0 ft and recovered
5.0 ft of core (100%). Cut core #46 from 258.0 ft to 263.0 ft and recovered 5.0 ft core (100%).
Cut core #47 from 263.0 ft to 268.0 ft and recovered 5.0 ft of core (100%). Cut core #48 from
268.0 ft to 273.0 ft and recovered 5.0 ft of core (100%). Cut core #9 from 273.0 ft to 278.0 ft
and recovered 5.0 ft of core (100q0). Cut core # 50 from 278.0 ft to 283.0 ft and recovered 5.0 ft
of core (1OO!ZO).Cut core # 51 fkom 283.0 ft to 288.0 ft and recovered 5.0 ft of core (1OO%). Cut
core #52 from 288.0 ft to 293.0 ft and recovered 5.0 ft of core (1OO%). Cut core #53 from
293.0 ft to 298.0 ft and recovered 5.0 ft of core (100%). Circulated hole. Site secured at 1730 hr.

2-17-95 Circulated hole using air-mist. Continued wireline coring operation. Cut core 54

from 298.0 ft to 303.0 ft and recovered 5.0 ft of core (100%). Cut core # 55 from 303.0 ft to

308.0 ft and recovered 5.0 ft of core (100%). Cut core #56 from 308.0 ft to 313.0 ft and
recovered 5.0 ft of core (1OO9IO).Cut core #57 from 313.0 ft to 318.0 ft and recovered 5.0 ft of
core (1OO%). Cut core #58 from 318.0 ft to 323.0 ft and recovered 5.0 ft of core (1OOYO).Cut
core #59 from 323.0 ft to 328.0 ft and recovered 5.0 ft of core (1OO9O). Cut core #60 from 328.0
ft to 333.0 ft and recovered 5.0 ft of core (100%). Cut core #61 from 333.0 ft to 338.0 ft and
recovered 5.0 ft of core (1OO$ZO).Cut core #62 from 338.0 ft to 343.0 ft and recovered 5.0 ft core
(100%). Cut core #63 from 343.0 ft to 348.0 ft and recovered 5.0 ft core (100%). Cut core #64
from 348.0 ft to 353.0 ft and recovered 5.0 ft core (100%). Cut core #65 from 353~0 ft to 358.0 ft
and recovered 5.0 ft of core (1OO9O).Cut core #66 from 358.0 R to 363.0 ft and recovered 5.0 ft
core (1OO9ZO).Cut core #67 from 363.0 ft to 368.0 ft and recovered 5.0 ft of core (1OO7O). Cut
core #68 from 368.0 ft to 373.0 ft and recovered 5.0 ft of core (1OOYO).Cut core #69 from 373.0
ft to 378.0 ft and recovered 5.0 ft of core (100%). Cut core #70 ffom 378.0 ft to 383.0 ft and
recovered 5.0 ft of core (1OO7O). Cut core #71 from 383.0 ft to 388.0 ft and recovered 5.0 ft of
core (1OO%). Circulated hole with air-mist. Site secured at 1745 hr.

2-18-95 Circulated hole using air-mist. Continued wireline coring operation. Cut core #72
from 388.0 ft to 393.0 ft and recovered 5.0 ft of core (100%). Cut core #73 from 393.0 ft to
398.0 ft and recovered 5.0 ft of core (100%). Cut core #74 from 398.0 ft to 403.0 ft and
recovered 5.0 ft of core (1OO?ZO).Cut core #75 from 403.0 ft to 408.0 ft and recovered 5.0 ft of

core (100%). Cut core #76 from 408.0 ft to 413.0 ft and recovered 5.0 ft of core (100%). Cut
core #77 from 413.0 ft to 418.0 ft and recovered 5.0 ft of core (1OO$ZO).Cut core #78 from
418.0 ft to 423.0 ft and recovered 5.0 ft of core (100%). Cut core #79 from 423.0 ft to 428.0 ft
and recovered 5.0 ft of core (100%). Cut core # 80 from 428.0 ft to 433.0 ft and recovered 5.0 ft
of core (1OO9IO).Cut core #81 from 433.0 ft to 438.0 ft and recovered 5.0 ft of core (1OO%). Cut
core #82 from 438.0 ft to 443.0 fl and recovered 5.0 ft of core (1OO%). Cut core #83 from
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443.0 ft to 448.0 ft and recovered 5.0 ft of core (100%). Cut core #84 from 448.0 ft to 453.0 ft

andrecovered5.0ft ofcore(100%). Cut core #85 from453.0ft to 458.0ft and recovered5.0 ft
of core (1OO%). Cut core #86 from 458.0 ft to 463.0 ft and recovered 5.0 ft core (100%). Cut
core #87 from 463.0 ft to 468.0 ft and recovered 5.0 ft of core (100%). Problems with air valve
on wireline reel; repaired. Circulated hole with air-mist. Site secured at 1710 hr.

2-19-95 Circulated hole using air-mist. Continued wireline coring operation. Cut core #88

from 468.0 ft to 473.0 ft and recovered 5.0 ft of core (100%). Cut core #89 from 473.0 ft to

478.0 ft and recovered 5.0 ft of core (100%). Cut core #90 from 478.0 ft to 483.0 ft and
recovered 5.011 of core (100%). Cut core #91 from 483.0 ft to 488.0 ft and recovered 5.0 ft of
core (1OO%). Cut core ##92from 488.0 ft to 493.0 ft and recovered 5.0 ft of core (100%). Cut
core #93 from 493.0 ft to 498.0 ft and recovered 5.0 ft of core (100%). Cut core #94 from
498.0 ft to 503.0 ft and recovered 5.0 ft of core (100%). Cut core ##95from 503.0 ft to 508.0 ft
and recovered 5.0 ft of core (100%). Cut core #96 from 508.0 ft to 513.0 ft and recovered 5.0 ft
of core (1OO%). Cut core #97 from 513.0 ft to 518.0 ft and recovered 5.0 ft of core (100%).
Continued having problems with air valve on sand Iinq repaired. Circulated hole. Site secured
at 1700 hr.

2-20-95 Circulated hole using air-mist. Continued wireline coring operation using
Christensen-Boyles wireline coring assembly with a 4.835-inch-diameter diamond coring bit to
cut 3.345-inch-diameter core. Cut core #98 from 518.0 ft to 523.0 ft and recovered 5.0 ft of core
(100%). Cut core #99 from 523.0 ft to 528.0 ft and recovered 5.0 ft of core (100%). Cut core

#100 from 528.0 ft to 533.0 ft and recovered 5.0 ft of core (100%). Cut core #101 from 533.0 ft

to 538.0 ft and recovered 5.0 ft of core (100%). Cut core #102 from 538.0 ft to 543.0 ft and
recovered 5.0 ft of core (100%). Cut core #103 from 543.0 ft to 548.0 ft and recovered 5.0 ft of
core (1OO%). Cut core #104 from 548.0 ft to 553.0 ft and recovered 5.0 ft of core (100%). Cut
core #105 from 553.0 ft to 558.0 ft and recovered 5.0 ft of core (1OO%). Cut core #106 from
558.0 ft to 563.0 ft and recovered 5.0 ft of core (100%). Cut core #107 from 563.0 ft to 568.0 ft
and recovered 5.0 ft of core (100%). Hit top of Rustler Formation at 566.5 ft. Cut core #108
from 568.0 ft to 573.0 ft and recovered 5.0 ft of core (100%). Cut core #109 from 573.0 ft to

578.0 ft and recovered 5.0 ft of core (100%). Cut core #110 horn 578.0 ft to 583.0 ft and

recovered 5.0 ft of core (100%). Cut core#111 from 583.0 ft to 588.0 ft and recovered 5.0 ft of
core (1OO%). Cut core #112 from 588.0 ft to 593.0 ft and recovered 5.0 ft of core (1OO%). Cut
core #113 from 593.0 ft to 598.0 ft and recovered 5.0 ft of core (100%). Cut core #114 from
598.0 ft to 603.0 ft and recovered 2.5 ft of core (50%). Circulated hole. Tripped out wireline
pipe and coring assembly. Site secured at 1800 hr.

2-21-95 Lined up equipment to conduct hydrologic tests on the Magenta. Tallied 2.375-inch
tubing. Changed out sand line on rig. Rig on standby. Site secured at 1730 hr.

2-22-95 Tripped in Christensen-Boyles wireline coring assembly (a 4.835-inch-diameter
diamond coring bit to cut 3.345-inch-diameter core) and wireline pipe. Circulated hole using air.
Continued wireline coring operation. Cut core #115 from 603.0 ft to 608.0 ft and recovered
5.0 ft of core (100%). Cut core #116 from 608.0 ft to 613.0 ft and recovered 5.0 ft of core
(100%). Cut core #117 from 613.0 ft to 618.0 ft and recovered 5.0 ft of core (100%). Cut core
#118 from 618.0 ft to 623.0 ft and recovered 5.0 ft of core (100%). Cut core#119 from 623.0 ft
to 628.0 ft and recovered 5.0 ft of core (100%). Cut core #120 from 628.0 ft to 633.0 ft and
recovered 4.4 ft of core (88%). Cut core #121 from 633.0 ft to 638.0 ft and recovered 2.2 ft of
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core (44%). Clay causing barrel to block off. Cut core #122 from 638.0 ft to 642.6 ft where
barrel blocked off. Recovered 4.6 ft of core (100%). Cut core # 123 from 642.6 ft to 647.6 ft
and recovered 5.0 ft of core (100%). Cut core #124 from 647.6 ft to 651.6 ft and recovered 4.0 ft

of core (100%). Ended coring operation to run hydrologic tests on the Magenta Member of the

Rustler Formation. Hole depth 651.6 ft. Circulated hole using air. Site secured at 1840 hr.

2-23-95 Checked the water level in the well with Solinist meter and found water level at
377.89 ft. Tripped out wireline pipe and coring assembly. Rigged up to run a temporary packer
on 2.375-inch tubing. Ran in hole with packer, set, and inflated the packer just above the
Magenta. Drilling operations ended, crew on days off.

2-24-95 No drilling activity. Crew on break.

2-25-95 No drilling activity. Crew on break.

2-26-95 No drilling activity. Crew on break.

2-27-95 No drilling activity. Crew on break.

2-28-95 No drilling activity. Crew on break.

3-01-95 Rigged up and deflated temporary packer. Tripped out 2.375-inch tubing and packer.
Rigged up test packer with pressure transducers. Tripped in hole with test assembly and set and

inflated packer to test the Magenta. Bailed hole and put well on test status. Site secured at 1815 hr.

3-02-95 Well on test. Ran a series of shut-in and flow tests. Site secured at 1800 hr.

3-03-95 Well on test. Continuedflow and shut-in tests. Site secured at 1755 hr.

3-04-95 Terminated hydrologic testing of the Magenta. Deflated the packer and tripped the
testing assembly out of the hole. Rigged down the test equipment. Rigged up the Christensen-

Boyles wireline coring system (a 4.835-inch-diameter diamond coring bit to cut 3.345-inch

diameter core) and tripped the assembly in the hole on the wireline pipe. Converted from air
coring to coring with saturated brine as a circulation fluid. Rigged up “shaker,” mud pumps, and
ancillary equipment. Site secured at 1800 hr.

3-05-95 Finished rigging up coring equipment. Tripped in hole, “broke circulation” using
saturated brine as coring fluid and circulated wireline pipe in hole to coring depth of 651.6 ft.
Dropped inner barrel to continue coring using Christensen-Boyles wireline coring system cutting
3.345-inch core. Cut core #125 from 651.6 ft to 654.6 ft and recovered 2.8 ft of core (93%). Cut
core #126 from 654.6 ft to 659.6 ft and recovered 4.8 ft of core (96%). Cut core #127 from

659.6 ft to 664.6 ft and recovered 5.0 ft of core (100%). Cut core #128 from 664.6 ft to 669.6 fi

and recovered 5.0 ft of core (100%). Cut core #129 from 669.6 ft to 674.6 ft and recovered
3.5 ft of core (70%). Problems holding core in inner barrel. Circulated hole using saturated
brine water as coring fluid. Site secured at 1750 hr.

3-06-95 Circulated hole using brine wateq tripped in with inner core barrel. Continued
wireline coring operation. Cut core #130 from 674.6 ft to 677.6 ft and recovered 2.9 ft of new
core. Also recovered remainder of core fi-om previous run (run #129). Cut core # 131 from
677.6 ft to 682.6 ft and recovered 5.0 ft of core (100%). Cut core #132 from 682.6 ft to 687.6 ft
and recovered 5.0 ft of core (100%). Cut core #133 from 687.6 ft to 692.6 ft and recovered 5.0 ft
of core (100%). Cut core #134 from 692.6 ft to 697.6 ft and recovered 4.8 ft of core (96%). Cut
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core #135 from 697.6 ft to 702.6 ft and recovered 5.0 ft of core (100%). Cut core #136 from

702.6 ft to 707.6 ft and recovered 5.0 ft of core (100%). Cut core #137 from 707.6 ft to 712.6 ft
and recovered 5.0 ft of core (100%). Cut core #138 from 712.6 ft to 717.6 ft and recovered 5.0 ft
of core (100%). Cut core # 139 from 717;6 ft to 722.6 ft and recovered 5.0 ft of core (1OO’%).

“Circulated hole using saturated brine water. Secured site.

3-07-95 Circulated hole in preparation for continued coring operation. Cut core # 140 from
722.6 ft to 727.6 ft using saturated brine water as coring fluid. Recovered 5.0 ft of core (100%).
Cut core #141 from 727.6 ft to 732.6 ft and recovered 5.0 ft of core (100%). Reached casing
point at 732.6 &, circulated hole clean and tripped out with wireline pipe and coring assembly.
U.S. Geological Survey geophysical logging truck on site. Rigged up to rim logs; logging

commenced at 1315 hr. Geophysical logs run included gamma ray, neutron porosity, gamma-

gamrna density. Problem with the caliper module; caliper log was not run. USGS completed

logging at 1735 hr. Rigged down USGSandsecuredsiteat 1930hr.
3-08-95 Rigged up 12.25-inch reaming assembly. Picked up collars and tripped in the hole to

44 ft. Reaming 4.835-inch core hole to 12.25-inch hole using saturated brine water as drilling
fluid. Swivel packing leaking; repaired. Reamed hole to 90 ft. Circulated hole. Site secured at
1800 hr.

3-09-95 Worked on seal around mud tub near annulus of drillhole. Picked up additional collars
and tripped in hole. Circulated to bottom of hole at 90 ft. Continued reaming core hole to 12.25
inches. Reamed hole from 90 ft to 200 ft. Conducted routine maintenance on rig. Secured site
at 1740 hr.

3-10-95 Circulated hole cleaning out cuttings that had settled out of drilling mud. Repaired
packing on mud pump. Continued reaming hole to 12.25 inches from 200 ft to 244 ft. Problems
with condition of mud and bit. Penetration rate quite low. Will trip out bit and change
tomorrow. Circulated hole clean and pulled back drill pipe to the collars. Site secured at 1750

hr.

3-11-95 Finished tripping out drill pipe, collars, and bit. Changed out bit to long-toothed
tricone. Tripped in new bit, drill pipe, and collars to 237 ft. Encountered fill, circulated hole
and continued reaming hole to 283 ft. Worked on adding an additional mud pump in the system
to increase volume. Added stabilizer to tool string. Circulated hole and pulled back drill pipe to
collars. Site secured at 1750 hr.

3-12-95 Tripped in drill pipe to 283 ft and circulated hole. Continued reaming hole using
saturated brine with salt gel. Reamed hole to 12.25 inches from 283 ft to 380 ft. Changed out
and conditioned new drilling fluid. Pulled back to collars. Site secured at 1810 hr.

3-13-95 Tripped in drill pipe and bit to 380 ft and circulated hole with saturated brine.
Continued reaming hole to 12.25 inches. Reamed from 380 ft to 441 ft. Still having problems

with penetration rate. Bit appears to be “balling” up. Decided to change out jets on bit. Tripped

out drill pipe, collaix, and bit assembly. Site secured at 1910 hr.

3-14-95 Put new jets in the bit. Tripped in drill pipe, collars, and bit assembly, tagged fill
about 60 ft off bottom, circulated hole down to 441 ft. Continued reaming from 441 ft to 567 ft.
Bit jet changes increased volume and thus penetration rate. Circulated hole and tripped back drill
pipe to collars. Site secured at 1845 hr.
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3-15-95 Tripped in drill pipe to 567 ft. Thinned down mud. Continued reaming hole to 12.25

inches from 567 ft to 658 ft when drill pipe broke off at tool joint. Hole depth at 658 ft and top
of collars approximately 454 ft below ground level. Called fishing company to line up necessary
equipment to try and retrieve tools. Site secured at 1800 hr.

3-16-95 Star Tool on site to rig up overshot and grapple to “fish” for lost tools. Tripped in hoie
and tagged “fish” at 454 ft. Several attempts were made but unable to latch onto tools. Tripped
out and replaced grapple with larger size. Tripped back in hole and attempted to latch on to
“fish.” Tried to circulate and wash over tools. Unable to do so; tripped out and rigged down
overshot and grapple. Site secured at 1816 hr.

3-17-95 Star Tool on site to continue “fishing” operations. Continued to try different sized
overshots and grapples; still unable to latch onto tools. Site secured at 1800 hr.

3-18-95 Continued “fishing” operations. Finally latched onto “fish.” Called Rotary Wireline

to run “freepoint.” Baker float in collars will not let freepoint tool past. Decided to “shoot off”

drill pipe at top of collars. After drill pipe was loose, tripped out. Rigged up jars and accelerator
with collars. Ready to run in hole tomorrow. Site secured at 1900 hr.

3-19-95 Picked up fishing equipment and tripped in hole. Tagged top of collars (fish) at
573 ft. Circulated hole and screwed into top of “fish.” Worked pipe and tripped jar; moved fish
only about two inches. Continued to work pipe although did not make much headway. Decided

at point of diminishing returns so it was decided the hole (H-19bl) would be temporarily

abandoned. Called Rotary Wireline to shoot “fish” loose from jars. Pipe was shot off and
fishing tools were tripped out. Will conduct meeting tomorrow on hole abandonment. Site
secured at 1930 hr.

3-20-95 Tripped out drill pipe and fishing tools. Teleconference with Beauheim resulted in a
decision to abandon hole H-19bl. Rigged down and cleaned up site. New location was picked.
Secured site at 1730 hr.

Operations associated with drilling completed when hole was abandoned.
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HYDROLOGIC DRILLHOLE H-19b2
ABRIDGED HOLE HISTORY

The following hole history was abstracted from Sandia Natiomd Laboratories’ daily drilling
records. Tailgate safety meetings were held each day prior to beginning operations.

NOTE: All depths are measured from ground level.

5-1o-95 Rigged up Water Development rig Dresser T70W over 14-inch surface casing at
H-19b2 location; established depth control for well (v-notch cut in surface casing). Setup mud
pumps and shale shaker. Made up drilling assembly consisting of a 12.25-inch tricone bit and
tripped in hole to bottom of surface casing at 38 ft. Broke tower at 0800 hr, began drilling 12.25-
inch hole using saturated brine as drilling fluid. Drilled from 38 ft to 250 ft adding salt gel to
drilling fluid; circulated hole and tripped out drill pipe to collars. Securedsite at 1750 hr.

5-11-95 Tripped in 12.25-inch bit to 250 ft; circulated hole using saturated brine water.

Continued drilling from 250 ft. Worked on mud pump and shaker screen. Continued drilling
12.25-inch hole to 323 ft. Circulated hole and tripped out drill pipe, collars, and bit. Changed
out bit. Secured site at 1740 hr.

5-12-95 Tripped in 12.25-inch bit to 323 ft; circulated hole using saturated brine water and salt
gel. Continued drilling hole from 323 ft. Continued to have problems with shaker screen;
repaired. Drilled 12.25-inch hole to 415 ft. Worked on mud pump. Circulated hole and tripped
drill pipe to collars. Site secured at 1800 hr.

5-13-95 Finished repairing liners on mud pump. Tripped in drill pipe to 415 ft and circulated
hole. Continued drilling 12.25-inch hole to 518 ft using saturated brine with salt gel. Still
having mud pump problems. Circulated hole and tripped drill pipe to collaxs. Worked on repair
of mud pump. Site secured at 1800 hr.

5-14-95 As tripping in drill pipe hit a “tight” spot at 140 ft; worked through it and thinned back
mud. Rearned back to 518 ft and circulated hole. Continued drilling from 518 ft to 642 ft and
circulated hole. Tripped back drill pipe to collars. Site secured at 1930 hr.

5-15-95 Tripped in hole with drill pipe reaming through “tight” spots. Circulated hole and
continued drilling 12.25-inch hole using saturated brine water and salt gel. Drilled from 642 ft to

734 ft (casing depth). Circulated hole and tripped out drill pipe to collars. Site secured at 2130 hr.

5-16-95 Finished tripping out collars and bit. Inspected and tallied 27 joints of Centron DHC
300, 7-inch, 5.7 lb/ft fiberglass casing. Placed a combination guide shoe-float collar on bottom
of first joint. Rigged up and ran 27 joints of casing setting the bottom of guide shoe at 732.35 ft.
Centralizers were placed on the top of guide shoe-float collar and on top of casing joints numbers

1, 3, 6, 9, 12, 15, 18, 21, and 25. Western Cementing company on site at 1320 hr. Western
rigged up circulation head and broke circulation. Commenced cementing operations at 1436 hr
and pumped a slurry that included 70-30% pozzolan cement with 5% salt, 2% bentonite followed
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped
and pumped down and cementing head was shut in at 1550 hr. About 126 sacks of cement were
circulated to the surface and put in the pits. Rigged down Western and secured the site at

1800 hr. Wait on cement.

5-17-95 Wait on cement. Rig maintenance and preparations made to drill out cement.
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5-18-95 Rigged uptodrill out cement. Picked up5.875-inch tricone bitanddrill .pipe and
tripped in hole. Tagged top of cement fill at about 704 ft. Drilled out cement and rubber plug
down to 735.5 ft using saturated brine water as drilling fluid. Circulated hole and tripped out
drill pipe and bit. Picked up Christensen-Boyles wireline coring assembly (4.835-inch bit to cut

“3.345-inch core) and tripped in hole on wireline pipe to 735.5 ft. Unloaded hole of brine water

with compressed air. Rigged up to core using air as circulation fluid. Cut core #1 from 735.5 ft

to 740.5 ft usingair. Recovered4.8ft ofcore(96%).Cutcore# 2 from 740.5 ft to 745.5 II and
recovered 5.0 ft of 3.45 inch core (100%). Top of the Culebra Dolomite was at 741.6 ft. Cut
core #3 from 745.5 ft to 750.5 ft and recovered 5.0 ft of core (100%). Cut core #4 from 750.5 ft
to 755.5 ft and recovered 4.5 fi of core (90%). Cut core #5 from 755.5 ft to 760.5 ft. Core barrel
acted like it blocked off. Tripped out inner barrel and recovered 0.0 ft of core (O%). Cut core #6

from 760.5 ft to 764.5 ft and recovered 1.3 ft of core (33%). Evidently on last core run the core
catcher was torn up and was left in hole. It was decided to try to recover the catcher before
continuing to core. Site secured at 1830 hr.

5-19-95 Tripped in with inner barrel to try to recover core catcher. Cored from 764.5 ft to
766.7 ft and tripped out inner barrel; 0.5 ft recoveqq however, it was difficult to determine depth
that the core recovered came from. liner barrel did not latch. Again tried to make a core run and
inner barrel still not latching. Tripped out wireline pipe and coring assembly. Tripped in with
5.875-inch tricone bit and drill pipe in attempt to drill up catcher as the hole was reamed. Site

secured at 1800 hr.

5-20-95 Finished tripping in drill pipe and 5.875-inch bit to ream core hole and try to drill up
core catcher that was lost. Circulated hole with air and reamed core hole from 735.5 ft to
766.7 ft using air as drilling fluid. Continued drilling a “rat hole” from 766.7 ft down to
785.0 ft. Circulated hole clean and tripped out drill pipe and bit. Moved off hole. Hole
completed at a total depth of 785.0 ft. Site was secured at 1800 hr.

NOTE: Because of problems in maintaining an open hole in the section below the Culebra in
H-19b2 the hole was reoccupied on 8-27-95.

8-27-95 Rigged up Water Development rig Dresser T70W over H-19b2 to ream out borehole
and run a PVC liner to seal off the unnamed lower member of the Rustler Formation. Rigged up
and tripped in hole with 5.875-inch tricone bit and drill pipe to 735.5 ft. Unloaded borehole with
compressed air and reamed borehole from 735.5 ft to 785.4 ft using air as circulation fluid.
Circulated hole and tripped out with drill pipe and bit. Rigged up a 19.97-ft joint of PVC (5.5-
inch OD and 4.88-inch ID) liner on a Baker inflatable packer and tripped in hole. Released liner
in hole from 764.0 ft to 784.0 &, may have slid to bottom. Deflated packer and left assembly in
the hole overnight for complete deflation. Site secured at 1730 hr.

8-28-95 Tripped out drill pipe and packer. Drilling operations on H-19b2 completed. Rigged
down and moved rig to H-19b3.

9-6-95 U.S. Geological Survey ran geophysical logs on H-19b2. Logs run included natural
garnm~ neutron porosity, and caliper.

Operations associated with drilling phase completed on H-19b2.
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HYDROLOGIC DRILLHOLE H-19b3
ABRIDGED HOLE HISTORY

The following hole history was abstracted from Sandia National Laboratories’ daily drilling
records. Tailgate safety meetings were held each day prior to the beginning of operations.

NOTE: Alldepthsaremeasuredfromgroundlevel.
4-23-95 Cut off surface casing at H-19b3 location. Rigged up WaterDevelopment rig, Dresser
T70W, over 14-inch surface casing and established depthcontrolfor well (v-notch cut in surface
casing). Set up mud pumps and shale shaker. Site secured at 1800 hr.

4-24-95 Made up drilling assemiiy consisting of a 12.25-inch tricone bit and tripped in hole to
bottom of surface casing at 38 ft. Broke tower at 0841 hr, began drilling 12.25-inch hole using
saturated brine and salt gel as drilling fluid. Drilled from 38 ft to 236 ft; circulated hole clean
and tripped out drill pipe to collars. Secured site at 1830 hr.

4-25-95 Tripped in 12.25-inch bit and reamed hole down to 236 h, circulated hole using
saturated brine water. Continued drilling 12.25-inch hole from 236 ft to 364 ft. Circulated hole
and tripped out drill pipe to collars. Secured site at 1940 hr.

4-26-95 Finished tripping out collars and bit. Changed out bit putting on tricone button bit.

Tripped in new 12.25-inch bit reaming hole back to 364 R, circulated hole using saturated brine
water and salt gel. Continued drilling hole from 364 ft to 518 ft Circulated hole and tripped out
drill pipe to collars. Site secured at 2010 hr.

4-27-95 Coupling went out on mud pump as rigged up to trip in hole. Repaired coupling and

continued tripping in hole at 0900 hr reaming hole back to 518 ft. Continued drilling from 518 ft
to 613 ft and circulated hole. Tripped back drill pipe to collars. Site secured at 1830 hr.

4-28-95 Tripped in hole with drill pipe reaming hole down to 613 ft. Continued drilling.
12.25-inch-hole from 613 ft to 725 ft. Circulated hole and tripped out drill pipe to collars. Site
secured at 1845 hr.

4-29-95 Tripped in hole with drill pipe and bi~ reamed hole as tripped in. Mud hose blew and
plugged bit. Tripped out drill pipe, collars , and bit. Cleaned up bit and tripped back in hole to
725 ~ circulated hole. Continued drilling 12.25-inch hole from 725 ft to 734 ft (casing depth);

circulated hole. Tripped out drill pipe to collars. Site secured at 2145 hr.

4-30-95 Finished tripping out collars and bit. Inspected and tallied 27 joints of Centron DHC
300, 7-inch, 5.7 lb/ft, fiberglass casing. Placed a combination guide shoe-float collar on bottom
of first joint. Rigged up and ran 27 joints of casing setting the bottom of guide shoe at 732.04 ft.

Centralizers were placed on the top of guide shoe-float collar and on top of casing joints numbers
1, 3, 6, 9, 12, 15, 18, 21, and 25. Western Cementing company on site at 1415 hr. Western
rigged up circulation head and broke circulation. Commenced cementing operations at 1515 hr
and pumped a slurry that included 70-309% pozzolan cement with 590 salt, 290 bentonite followed

by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped
and pumped down and cementing head was shut in at 1554 hr. About 30 barrels of cement were
circulated to the surface and put in the pits. Rigged down Western and cleaned up. Secured the
site at 1800 hr. Wait on cement.
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5-01-95 Wait on cement. Changing over”equipment to drill out cement. Picked up 5.875-inch
tricone bitandtripped inholeto600 ft. Standby. Sitesecured at1730 hr.

5-02-95 Fitished tipping in bitmdtill pipe ndtagged topofcement fiMatabout7lOfi.
Rigged up to drill out cement. Drilled out cement and rubber plug and continued hole down to
735.3 ft using saturated brine water as drilling fluid. Circulated hole. Changed out drilling fluid

with Culebra brine. Tripped out drill pipe and bit. Picked up Christensen-Boyles wireline coring
assembly (4.835-inch bit to cut 3.345-inch core) and tripped in hole on wireline pipe to 735.3 ft.
Rigged up to core using Culebra brine as circulation fluid. Cut core #1 from 735.3 ft to 740.3 ft
and recovered 4.7 ft of core (94%). Upper contact of the Culebra was at 740.0 ft. Cut core #2
from 740.3 ft to 745.3 ft and recovered 3.4 ft of core (68%). Cut core #3 from 745.3 ft to 750.3
ft and recovered 4.9 ft of core (98%). Cut core #4 from 750.3 ft to 755.3 ft and recovered 4.3 ft
of core (86%). Problems with latching mechanism on inner barrel. Cut core #5 from 755.3 ft to
760.3 ft and recovered 0.0 ft of core (O%). Cut core # 6 from 760.3 ft to 764.3 ft and recovered
0.0 ft of core (O%). Cut core #7 from 764.3 ft to 766.3 ft when b~el blocked off. Tripped out

inner barrel, no core. Cut core run #8 from 766.3 ft to 768.3 ft. Core barrel blocked off. Tripped
out wireline pipe and coring assembly and found no core recovered, core barrel blocked off in
bit. Secured site at 2200 hr.

5-03-95 Because of scheduling decided to move rig temporarily off hole so a pumping test of
the Culebra could be conducted. Rigged down and moved off hole. Cleaned up site. Site
secured at 1730 hr. Crew on break during testing.

5-04-95 No drilling activity. Crew on break.

5-05-95 No drilling activity. Crew on break.

5-06-95 No drilling activity. Crew on break.

5-07-95 No drilling activity. Crew on break.

5-08-95 No drilling activity. Crew on break.

5-09-95 Testing on H-19b3 completed. Moved back Dresser T70W rig and rigged up over

existing hole. Decision was made to ream out core hole using a 5.875-inch tricone bit and
continue the hole down making a “rat hole” below the Culebra. Tallied drill pipe and picked up
5.875-inch bit. Tripped in hole to 735.3 ft and reamed core hole to 768.3 ft using Culebra brine

as drilling fluid. Continued drilling 5.875-inch “rat hole” from 768.3 ft to a total depth of
784.0 ft. Circulated hole and tripped out drill pipe and bit. Drilling of H-19b3 was completed so
demobilized rig and moved to H-19b2. Site secured at 1730 hr.

NOTE: Because of hole problems in the unnamed lower member of the Rustler Formation,
H-19b3 was reoccupied on 8-28-95.

8-28-95 Rigged up Water Development Dresser T70W rig over H-19b3 to ream out borehole
below the Culebra and run in a PVC liner to keep hole from collapsing. Picked up 5.875-inch
tricone bit and drill pipe and tripped in hole to 734.0 ft. Unloaded hole with compressed air and
reamed hole from 734.0 ft to 784.9 ft. Circulated hole and tripped out drill pipe and bit. Rigged
up a 19.97-ft joint of PVC (5.5-inch OD and 4.88-inch ID) on a Baker inflatable packer and
tripped liner assembly in hole on drill pipe. Placed liner in hole covering an interval from
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763.2ft to 783.2 ft. Deflatedthe packer and left in the hole overnightfor completedeflation.
Site secured at 1700 hr.

8-29-95 Packer waschecked andwasfree from liner. Moved packer uphole and reinflated
above liner to be sure liner was left in hole. Tripped out packer and drill pipe. Rigged down and
moved to H-19b3. Site secured at 1730 hr.

9-05-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on
H-19b3 included natural gamm% neutron porosity, and caliper.

Operations associated with drilling completed on H-19b3.
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HYDROLOGIC DRILLHOLE H-19b4
ABRIDGED HOLE HISTORY

The following hole history was abstracted from Sandia National Laboratories’ daily drilling
records. Tailgate safety meetings were held each day prior to the beginning of operations.

NOTIR All depths are measured from ground level.

5-20-95 Cut off surface casing at H-19b4 location. Rigged up Water Development rig, Dresser
T70W, over 14-inch surface casing and established depth control for well (v-notch cut in surface
casing). Set up mud pumps and shale shaker. Raised mast. Made up drilling assembly
consisting of a 12.25-inch tcicone button bit and tripped ‘inhole to bottom of surface casing at
38 ft. Broke tower at 1345 hr, began drilling 12.25-inch hole using saturated brine and salt gel as
drilling fluid. Drilled from 38 ft to 141 k, circulated hole clean, and tripped out drill pipe to
collars. Site secured at 1800 hr.

5-21-95 Circulated hole as drill pipe was tripped in. Continued drilling 12.25-inch hole from
141 ft to 376 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1800 hr.

5-22-95 Tripped in drill pipe and using 12.25-inch bit reamed through “tight” spots at 140 ft
and at 180 ft. Top head leaking so replaced bearings. Circulatedhole using saturatedbrine water
and salt gel, back on bottom at 376 ft. Continued drilling 12.25-inch hole from 376 ft to 575 ft.
Circulatedhole and trippedout drill pipe to collars. Secured site at 1800 hr.

5-23-95 Tripped in drill pipe using 12.25-inch bit to ream hole through “tight” spots at 140 ft
and 180 k, back to bottom at 575 ft. Circulated hole using saturated brine water and salt gel.
Continued drilling hole from 575 ft to 660 ft. Slow drilling anhydrite. Circulated hole and
tripped out drill pipe to collars. Site secured at 1800 hr.

5-24-95 Tripped in drill pipe to 660 ft, did not encounter “tight” spots. Circulated hole using
saturated brine and salt gel as drilling fluid. Continued drilling from 660 ft to 705 ft; drilling .
very slow. Will change out bit. Circulated hole and tripped back drill pipe to collars. Site
secured at 1800 hr. Crew going on break.

5-25-95 No drilling activity. Crew on break.

5-26-95 No drilling activity. Crew on break.

5-27-95 No drilling activity. Crew on break.

5-28-95 No drilling activity. Crew on break.

5-29-95 No drilling activity. Crew on break.

5-30-95 No drilling activity. Crew on break.

5-31-95 Tripped in hole with drill pipe, collars, and new 12.25-inch bit; reamed hole as tripped
in to 705 ft. Circulated hole and continued drilling from 705 ft to 734.0 ft (casing depth).
Finished hole at 1300 hr. Circulated hole and tripped out drill pipe to collars. Site secured at
1800 hr.

6-01-95 Finished tripping out collars and bit. Inspected and tallied 27 joints of Centron DHC
300, 7-inch, 5.7 lb/ft, fiberglass casing. Placed a combination guide shoe-float collar on bottom
of f~st joint. Rigged up and ran 27 joints of casing setting the bottom of guide shoe at 730.7 ft.
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Centralizers were placed on the top of guide shoe-float collar and on top of casing joints numbers
1,3,6,9, 12, 15, 18,21,24, and 25. Western Cementing company on site at 1330 hr. Western
rigged up circulation head and broke circulation 1430 hr. Commenced cementing operations at

1431hr and pumpeda slurrythat included70-30%pozzolancementwith5% salt, 2% bentonite
followed by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug
dropped, pumped down, and bumped at 1504 hr and cementing head was shut in. Cements were
circulated to the surface and put in the pits. Rigged down Western and cleaned up. Secured the
site at 1700 hr. Standby, wait on cement.

6-02-95 Wait on cement. Changing over equipment to drill out cement. Picked up 5.875-inch
tricone bit and tripped in hole to 620 ft. Standby. Site secured at 1730 hr.

6-03-95 Finished tripping in bit and drill pipe and tagged top of cement fill at about 720 ft.

Rigged up to drill out cement. Drilled out cement and rubber plug and continued drilling hole
down to 735.4 II using saturated brine water as drilling fluid. Circulated hole. Tripped out drill
pipe and bit. Picked up Christensen-Boyles wireline coring assembly (4.835-inch bit to cut
3.345-inch core) and tripped in hole on wireline pipe to 735.5 ft. Unloaded hole with
compressed air. Rigged up to core using compressed air as circulation fluid. Cut core #1 from

735.5 ft to 740.5 ft and recovered 5.0 ft of core (100%). Cored through the upper contact of the
Culebra Dolomite at 738.5 ft. Cut core %2 from 740.5 ft to 745.5 fi and recovered 5.0 ft of core
(100%). Cut core #3 from 745.5ftto750.511 and recovered 5.0 ft of core (100%). Cut core #4
from 750.5 ft to 755.5 ft and recovered 5.0 ft of core (100%). Problems with latching

mechanism on inner barrel. Cut core #5 from 755.5 ft to 760.5 ft and recovered 5.0 ft of core
(100%). Cut core #6 from 760.5 ft to 761.5 ft where bit plugged. Tripped out inner barrel and

recovered 0.2 ft of core (20%). Secured site at 1800 hr.

6-04-95 Rigged up inner barrel to continue coring operation. Unloaded hole with compressed
air. Cut core #7 from 761.5 ft to 766.5 ft using compressed air as coring fluid. Tripped out
inner barrel and recovered 4.5 ft of core (90%). Hit contact of the Culebra and the unnamed
lower member of the Rustler Formation at 761.8 ft. Cut core #8 from 766.5 ft to 771.5 ft and
recovered 5.0 ft of core (1OO%). Cut core #9 from 771.5 ft to 776.5 ft and recovered 5.0 fi of
core (100%). Cut core #10 from 776.5 ftto781.5 ft and recovered 5.0 ft of core (100%). Coring
completed at a total depth of 781.5 ft. Developed well by letting it set and then blowing out the
water with air. Circulated the hole. Tripped out wireline pipe and coring assembly. Rig on
standby. Site secured at 1700 hr.

6-05-95 Standby. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit
and drill pipe to 735,5 R, unloaded hole with compressed air. Reamed core hole with 5.875-inch
bit from 735.5 ft to 781.5 ft. Circulated hole and tripped out drill pipe and bit. Site secured at
1730 hr.

6-06-95 Standby. Worked on mud pumps. Site secured at 1730 hr.

6-07-95 Standby. Worked on equipment. Site secured at 1700 hr.

6-08-95 Standby. Pulled pump. Site secured at 1700 hr.

6-09-95 Standby. Installed injection tool in H-19b4. Site secured at 1700 hr.
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6-10-95 Standby. Set packer for INTE,W. Rigged down from H-19b4 and moved off hole.
Site secured at 1730 hr. Hole completed.

NOTE: Because of a lost pump and hole problems in the unnamed lower member of the Rustler
Formation, H-19b4 was reoccupied on 8-20-95.

8-20-95 During testing operations, a submersible pump was dropped in H-19b4. Moved over
hole with Dresser T70W to “fish” pump from hole. Rigged up overshot and tripped in hole to try
to recover pump. Tagged top of pump but did not recover. Tripped in and out with different
sized overshot, but not able to recover “fish.” Site secured at 1800 hr.

8-21-95 Rigged up new overshot and tripped in hole on drill pipe. After several unsuccessful

attempts at trying to recover pump, it was decided to drill up fish. Picked up 5.875-inch tricone
bit and tripped in hole. Rearned lower portion of hole down to 781.3 ft using compressed air as
circulation fluid. Tripped out bit and drill pipe. Because of hole problems in the unnamed lower
member of the Rustler Formation, it was decided to run in a PVC liner to keep hole from
collapsing. Rigged up a 19.20-ft joint of PVC (5.5-inch OD and 4.88-inch ID) on a Baker
inflatable packer and tripped liner assembly in hole on drill pipe. Placed liner in hole covering
an interval from 761.0 ft to 780.2 ft. Deflated the packer and left in the hole overnight for
complete deflation. Site secured at 1800 hr.

8-22-95 Packer was checked and was free from liner. Liner may have slid 0.8 ft. Moved
packer up hole and reinflated above liner to be sure liner was left in hole. Tripped out packer and
drill pipe. Rigged down and moved to H-19b6. Site secured at 1800 hr.

9-06-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on
H-19b4 included natural gamm% neutron porosity, and caliper.

OperationsassociatedwithdrillingcompletedonH-19b4.
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HYDROLOGIC DRILLHOLE H-19b5
ABRIDGED HOLE HISTORY

The following hole history was abstractedfrom Sandia NatiomdLaboratories’daily drilling
records. Tailgatesafetymeetingswereheldeachdaypriorto the beginningof operations.

NOTE: All depths are measured from ground level.

6-11-95 Cut off surface casing at H-19b5 location. Rigged up Water Development rig, Dresser
T70W, over 14-inch surface casing and established depth control for well (v-notch cut in surface
casing). Set up mud pumps and shale shaker. Raised mast. Tallied drilling assembly, collars,
and drill pipe. Made up drilling assembly consisting of a 12.25-inch tricone button bit and
tripped in hole to bottom of surface casing at 38.4 ft. Broke tower at 1405 hr, began drilling
12.25-inch hole using saturated brine and salt gel as drilling fluid. Drilled from 38.4 ft to 92.7 k
circulated hole clean and tripped out drill pipe to collars. Site secured at 1800 hr.

6-12-95 Circulatedhole usingsaturatedbrinewithsaltgel as drillingfluid. Continueddrilling
12.25-inch hole from 92.7 ft to 240 ft. Circulated hole and tripped out drill pipe to collars. Site
secured at 1730 hr.

6-13-95 Changed drilling assembly by adding additional double pin sub and reamer. Tripped
in new drilling assembly, collars, and drill pipe. Continued drilling hole using 12.25-inch bit and
saturated brine and salt gel as drilling fluid. Drilled from 240 ft to 278 ft. Problems with top
head leaking. Circulated hole. Repaired top head. Circulated hole and tripped out drill pipe to
collars. Secured site at 1700 hr. Crew going on break. Days off.

6-14-95 No drilling activity. Crew on break.

6-15-95 No drilling activity. Crew on break.

6-16-95 No drilling activity. Crewon break.

6-17-95 No drilling activity. Crew on break.

6-18-95 No drilling activity. Crew on break.

6-19-95 No drilling activity. Crew on break.

6-20-95 Rigged up to continue drilling, found swivel leaking. Repacked swivel. Tripped in
drill pipe using 12.25-inch bit to ream hole through “tight” spots. Back to bottom at 278 ft.
Circulated hole using saturated brine water and salt gel. Continued drilling 12.25-inch hole from
278 ft to 336 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1800 hr.

6-21-95 Tripped in drill pipe to 336 ft, did not encounter “tight” spots. Circulated hole using
saturated brine and salt gel as drilling fluid. Top head still leaking. Decided to change out top
head, but will wait until new one is sent from Woodland. Continued drilling from 336 ft to
403 ft. Circulated hole and tripped back drill pipe to collars. Site secured at 1745 hr.

6-22-95 Reamed hole as tripped in to 403 ft. Circulated hole and continued drilling from
403 ft. Added additional mud pump to increase drilling fluid volume. Rod packing on mud
pump blew out; stopped drilling and repaired. Continued drilling 12.25-inch hole to 504 ft.

Circulated hole and tripped out drill pipe to collars. Site secured at 1745 hr.
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6-23-95 Ttipped indtill pipeusing 12.25-inch bittorem holetiough ``tight'' spots. Back to
bottom at 504 ft. Circulated hole using saturated brine water and salt gel. Continued drilling
12.25-inch hole from 504 ft to 550 ft. Top head continued to cause problems and is now getting
hot, decided to shut down and replace head. Circulated hole and tripped out drill pipe to collars.
Began to disassemble head. Site secured at 1800 hr.

6-24-95 Down for repairs. Replacing top head. Site secured at 1830 hr.

6-25-95 Rigged up head. Tripped in drill pipe, reamed “tight” spots, and back on bottom at
550 ft. Circulated hole and continued drilling 12.25-inch hole from 550 ft to 594 ft. Circulated
hole and tripped out drill pipe to collars. Site secured at 1850 hr.

6-26-95 Rig maintenance. Tripped in drill pipe, rearned “tight” spots, and back on bottom at
594 ft. Circulated hole using saturated brine water and salt gel as drilling fluid. Continued

drilling 12.25-inch hole from 594 ft to 675 ft. Circulated hole and tripped out drill pipe to

collars. Site secured at 1800 hr.

6-27-95 Tripped in drill pipe to 675 ti, did not encounter any “tight” spots. Circulated hole
using saturated brine and salt gel as drilling fluid. Continued drilling 12.25-inch hole from 675 ft
to 695 ft. Very hard drilling. Shut down drilling because of bad weather. Circulated hole and
tripped out drill pipe to collars. Site secured at 1800 hr.

6-28-95 Tripped in drill pipe to 695 &, did not encounter any “tight” spots. Circulated hole.
Continued drilling 12.25-inch hole from 695 ft to 705 ft. Very hard drilling. Bit problems so
decided to trip out bit and change out with a new one. Circulated hole and tripped out drill pipe,
collars, and bit. Found bit cone oil seal out and one cone about to come off. Replaced bit with
new one. Tripped in bit, collars and started tripping in drill pipe. Site secured at 1730 hr.

6-29-95 Finished tripping in drill pipe. Bit on bottom at 705 R, circulated hole and continued
drilling from 705 ft to 734.2 ft (casing depth). Circulated hole and tripped out drill pipe, collars,
and bit assembly. Out of hole at 1500 hr. Inspected and tallied 27 joints of Centron DHC 300,
7-inch, 5.7 lb/ft, fiberglass casing. Placed a combination guide shoe-float collar on bottom of

f~st joint. Rigged up and started running casing. Shut down because of lightning storm. Finish
running 27 joints of casing, landing the bottom of guide shoe at 730.7 ft at 1810 hr. Centralizers
were placed on the top of guide shoe-float collar and on top of casing joints numbers 1, 3, 6, 9,
12, 15, 18, 21, and 25. Western Cementing company on site at 1430 hr. Western rigged up
circulation head and broke circulation 1838 hr. Commenced cementing operations at 1843 hr
and pumped a slurry that included 70-30?10pozzolan cement with 5~0 salt, 2?I0bentonite followed
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped,
pumped down, and bumped at 1917 hr, and cementing head was shut in. Cement was circulated
to the sucface, and about 54 sacks were put in the pits. Rigged down Western and cleaned up.
Secured the site at 2030 hr. Standby, wait on cement. Crew went on break. Days off.

6-30-95 No drilling activity. Crew on break.

7-01-95 No drilling activity. Crew on break.

7-02-95 No drilling activity. Crew on break.

7-03-95 No drilling activity. Crew on break.
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7-04-95 No drilling activity. Crew on break.

7-05-95 No drilling activity. Crew on break.

7-06-95 Changing over equipment to drill out cement. Break off cementing head. Picked up
5.875-inch tricone bit and drill pipe and tripped in hole. Tagged top of cement fill at 722 ft.
Rigged up to drill out cement. Drilled out cement and rubber plug and continued drilling hole
down to 736 ft using saturated brine water as drilling fluid. Circulated hole. Tripped out drill
pipe and bit. Standby. Waited for location of H-19b6; may move to drill H-19b6 before H-19b5
is completed. Site secured at 1730 hr.

7-07-95 Standby. Worked on rig. Site secured at 1730 hr.

7-08-95 Standby. Worked on rig. Moved trailers. Site secured at 1830 hr.

7-09-95 Standby. Worked on rig and set surface casing for H-19b6. Rigged down from
H-19b5 and moved equipment to H-19b6. Site secured at 1730 hr.

NOTE: Rig was moved to H-19b6, and that drillhole was completed. Rig was moved back to
H-19b5 to complete hole on August 25,1995.

8-25-95 Moved Dresser T70W rig over H-19b5. Set mud pumps and shaker. Rigged up
Christensen-Boyles wireline coring assembly (4.835-inch bit to cut 3.345-inch core), picked up,
and tripped in hole on wireline pipe to 735.5 ft. Unloaded hole with compressed air. Rigged up
to core using compressed air as circulation fluid. Cut core #1 from 735.5 ft to 740.5 ft and
recovered 4.6 ft of core (92%). Hit upper contact of Culebra at 736.7 ft. Cut core #2 from
740.5 ft to 745.5 ft and recovered 5.0 ft of core (100%). Cut core # 3 from 745.5 ft to 750.5 ft

and recovered 4.2 ft of core (84%). Cut core #4 from 750.5 ft to 755.5 ft and recovered 3.0 ft of

core (60%). Problems with latching mechanism on inner barrel. Cut core #5 from 755.5 ft to
760.5 ft and recovered 4.5 ft of core (90%). Cut core #6 from 760.5 ft to 765.5 ft and recovered
4.1 ft of core (82%). Hit the contact of Culebra and the umamed lower member of the Rustler
Formation at 761.2 ft. Cut core #7 from 765.5 ft to 770.5 ft. Tripped out inner barrel and
recovered 5.0 ft of core (100%). Cut core #8 from 770.5 ft to 775.5 ft and recovered 4.8 ft of
core (96%). Cut core W from 775.5 ft to 780.5 ft and recovered 5.0 ft of core (100%). Cut core
#10 from 780.5 ft to 785.5 ft and recovered 3.5 ft of core (70%). Coring completed at a total
depth of 785.5 ft. Circulated the hole. Started tripping out wireline pipe and breaking at each

joint because coring operations have been completed. Site secured at 1830 hr.

8-26-95 Finished tripping out and breaking down wireline pipe. Moved out wireline pipe and
moved in drill pipe. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit
and drill pipe to 735.5 &, unloaded hole with compressed air. Using compressed air as drilling

fluid, rearned core hole with 5.875-inch bit from 735.5 ft to 785.5 ft. Circulated hole and tripped
out drill pipe and bit. To keep the hole from collapsing below the Culebr~ it was decided to
place a PVC liner in the unnamed lower member of the Rustler Formation. Rigged up a“19.97-ft
joint of PVC (5.5-inch OD and 4.88-inch ID) on a Baker inflatable packer and tripped liner
assembly in hole on drill pipe. Placed liner in hole covering an interval from 761.0 ft to 781.0 ft.
Deflated the packer and left in the hole overnight for complete deflation. Site secured at 1800 hr.
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8-27-95 Packer was checked and was free from liner. Liner may have slid 0.7 ft. Moved
packer up hole and reinflated above liner to be sure liner was left in hole. Tripped out packer and
drill pipe. Rigged down and moved to H-19b2.

9-06-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on
H-19b5 included natural garnm~ neutron porosity, and caliper. Moved to H-19b7 to complete
logging of drillhole.

Operations associated with drilling completed on H-19b5.
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HYDROLOGIC DRILLHOLE H-19b6
ABRIDGED HOLE HISTORY

The following hole history was abstracted from Sandia National Laboratories’ daily drilling

records. Tailgate safety meetings were held each day prior to the beginning of operations.

NOTE: All depthsaremeasuredfromgroundlevel.

7-10-95 Cut off surface casing at H-19b6 location. Rigged up Water Development rig, Dresser
T70W, over 14-inch surface casing and established depth control for well (v-notch cut in surface
casing). Set up mud pumps and shale shaker. Raised mast. Tallied drilling assembly, collars,
and drill pipe. Made up drilling assembly consisting of a 12.25-inch tricone button bit and
tripped in hole to bottom of surface casing at 39 ft. Broke tower at 1315 hr, began drilling 12.25-
inch hole using saturated brine and salt gel as drilling fluid. Drilled from 39 ft to 159.6 ft;
circulated hole and tripped out drill pipe to collars. Site secured at 1815 hr.

7-11-95 Moved drill pipe to site. Rigged up and circulated hole using saturated brine with salt
gel as drilling fluid. Continued drilling 12.25-inch hole from 159.6 ft to 322 ft when mud line
from pump broke. Fixed mud pump line. Circulated hole and tripped out drill pipe to a “tight”
spot at about 200 ft when lifting bail broke. Tools fell to bottom of hole. Called fishing
company. Star Tool on site at 1845 hr. Rigged up overshot with 6.375-inch grapple and tripped
in hole. Tagged top of “fish” at about 125 ft and was able to hook on to tools with grapple.
Tripped out drill pipe to collars. Screw into collars and work through tight spot. Released
fishing company and will trip out the rest of collars tomorrow. Site secured at 2215 hr.

7-12-95 Rigged up elevators and finished tripping out collars; worked through “tight” spots.
Checked bit and decided to change it out as bit may have been darnaged from the fall. Tripped in
hole with new bit, collars, and drill pipe. Back on bottom at 322 ft. Circulated hole and

continued drilling 12.25-inch hole from 322 ft to 376.2 ft. Circulated hole and tripped out of

hole to collars. Site secured at 1800 hr.

7-13-95 Tripped in hole with drill pipe to bottom at 376.2 fG no fill or “tight” spots. Circulated
hole and continued drilling from 376.2 ft to 533.3 ft. Circulated the hole and tripped out drill
pipe to collars. Site secured at 1815 hr.

7-14-95 Rig maintenance. Mixed up new saturatedbrine and salt gel and changed out mud.
Trippedin drill pipe, reamed “tight”spots, andback on bottom at 533.3 ft. Circulfied hole using
new saturated brine water and salt gel. Continued drilling 12.25-inch hole from 533.3 ft to
616 ft. Circulatedhole and trippedout drillpipe to collars. Site securedat 1800 hr.

7-15-95 Tripped in drill pipe to 616 &, reamed through “tight” spots. Circulated hole using

saturated brine and salt gel as drilling fluid. Continued drilling 12.25-inch hole from 616 ft to

685 ft. Very hard drilling. Circulated hole and tripped out drill pipe to collars. Site secured at
1810hr.

7-16-95 Tripped in drill pipe to 685 &, reamed through “tight” spots. Circulated hole.
Continued drilling 12.25-inch hole from 685 ft to 711 ft. Very hard drilling. Bit problems,
tripped out bit and changed out with a new one. Circulated hole and tripped out drill pipe to
collars. Thunderstorm building so shut down for weather. Site secured at 1730 hr.
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7-17-95 Finished tripping outcollars and bit. Found bitcone oilseals outandcones about to
come off. Bit had drilled only about 300 ft of hole (bad bit?). Replace bit with new tricone
button bit. Tripped in bit, collars and started tripping in drill pipe. Problems with fuel system on
shaker motoq repaired. Finished tripping in drill pipe. Bit on bottom at 711 ft; circulated hole
and started to drill; however, lightning storm moved in so shut down for weather. Back to
drilling at 1350 hr. Continued drilling from711 ft to 732.8 ft (casing depth). Circulated hole
and tripped out drill pipe to collars. Site secured at 1800 hr. Notified State Engineer’s office and
cement company that casing job would be tomorrow.

7-18-95 Finished tripping out collars and bit assembly. Rigged up to case hole. Inspected and
tallied 27 joints of Centron DHC 300, 7-inch, 5.7 lb/ft, fiberglass casing. Placed a combination

guide shoe-float collar on bottom of first joint. Rigged up and started running casing. Finished

running 27 joints of casing, landing the bottom of guide shoe at 730.1 ft at 1140 hr. BJ-Western
Cementing company on site at 1130 hr. Centralizers were placed on the top of guide shoe-float
collar and on top of casing joints numbers 1, 3, 6, 9, 12, 15, 18, 21, and 25. BJ-Westem rigged
up circulation head and broke circulation 1313 hr. Commenced cementing operations at 1315 hr
and pumped a slurry that included 70-30% pozzokm cement with 5% salt, 2% bentonite followed
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped,
pumped down, and bumped at 1315 hr and cementing head was shut in. Cement was not
circulated to the surface. Discussed -with state representative and decided will have to run
temperature survey to locate top of cement in the hole. Rigged down BJ-Westem and cleaned
up. Called Pro-Wireline to run temperature survey. Standby. Ran temperature survey and
determined top of cement was at about 48 ft below ground level. State concurred that we could

tremie cement on back side of casing. Found cement fill in casing at about 643 ft. Will have to

drill out. Secured the site at 2100 hr.

7-19-95 Standby. Determined that cement fill inside casing was at about 643 ft. Because it is
fiberglass casing, it was decided that the cement should be drilled out to shoe before crew breaks.
for days off. Moved over drill pipe. Picked up 5.875-inch bit and tripped in the hole to fill at
643 ft. Soft fill at 643 ft and top of set cement at about 655 ft. Circulated hole and began drilling
out cement at 1246 hr. Continued drilling cement from 655 ft to 727.4 ft using saturated brine as
drilling fluid. Circulated hole and tripped out drill pipe and bit. Will finish drill out after break.
Site secured at 1800 hr. Crew on days off.

7-20-95 No drilling activity. Crew on break.

7-21-95 No drilling activity. Crew on break.

7-22-95 No drilling activity. Crew on break.

7-23-95 No drilling activity. Crew on break.

7-24-95 No drilling activity. Crew on break.

7-25-95 No drilling activity. It was decided that after drilling cement out of H-19b6 and prior
to coring the Culebr% the rig would be moved to H-19b7.

7-26-95 Discussed plans for moving to H-19b7 prior to coring H-19b6. Rigged up drill pipe
and 5.875-inch bit to drill out cement and shoe. Tripped in hole to 727.4 ft, circulated hole with
saturated brine water as drilling fluid. Drilled out cement and shoe to 736.4 ft. Circulated hole
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and tripped out drill pipe and bit. Rigged up one-inch pipe to tremie cement around casing (in
annulus) since circulation of cement did not reach the surface. Analyses of cementing job would
indicate that cement company may have prematurely dropped plug during cementing operations.
Tagged cement in annulus at about 45 ft. Mixed cement slurry (Class C) and pumped down hole,
circulating about 5 sacks to the pits. Cleaned up and tripped out tremie pipe. Rigged down
Dresser T70W in preparation to move to H-19b7. Move off hole. Will return and finish H-19b6
after completion of H-19b7. Site secured at 1530 hr.

NOTE: Rig moved back from H-19b7 on August 22,1995, to complete H-19b6.

8-22-95 Moved Dresser T70W over existing casing in preparation for coring the Culebra
Dolomite. Inspected core barrel and bit. Found bit had cracks so replaced. Set mud pumps and
shaker. Picked up Christensen-Boyles wireline coring assembly (4.835-inch bit to cut 3.345-inch
core) and tripped in hole on wireline pipe to bottom of hole at 736.5 ft. Rigged up inner barrel
assembly. Site secured at 1730 hr.

8-23-95 Changed over to core using compressed air as circulation fluid. Unloaded hole with
compressed air. Cut core #1 from 736.5 ft to 741.5 ft and recovered 4.0 ft of core (80%). Hit
upper contact of the Culebra at 739.0 ft. Cut core #2 from 741.5 ft to 746.5 ft and recovered 4.1
ft of core (82%). Cut core #3 from 746.5 ft to 751.5 ft and recovered 4.1 ft of core (82%). Cut
core #4 from 751.5 ft to 755.2 ft and recovered 2.2 ft of core (60%). Core barrel blocked off.
Cut core #5 from 755.2 ft to 759.2 ft and recovered 2.0 ft of core (50%). Cut core #6 from 759.2
ft to 764.2 ft and recovered 2.3 ft of core (46%). Cut core #7 from 764.2 fi to 768.1 ft. Trouble

with core barrel blocking off. Tripped out inner barrel and recovered 3.1 ft of core (79%). Hit
the contact between the Culebra and the unnamed lower member of the Rustler Formation at
763.8 ft. Cut core #8 from 768.1 ft to 773.1 ft and recovered 5.0 ft of core (100%). Cut core ##9
from 773.1 ft to 778.1 ft and recovered 5.0 ft of core (100%). Cut core #10 from 778.1 ft to

783.1 fi and recovered 5.0 ft of core (100%). Cut core #11 from 783.1 ft to 788.1 ft and
recovered 3.9 ft of core (78%). Coring completed at a total depth of 788.1 ft. Circulated the
hole. Tripped out wireline pipe and coring assembly. Moved out wireline pipe. Moved in drill
pipe. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit and drill pipe
to 730.1 ft. Rigged up air head getting ready to ream core hole. Site secured at 1820 hr.

8-27-95 Unloaded hole with compressed air. Using compressed air as drilling fluid; reamed
core hole with 5.875-inch bit from 7-36.5ft to 785 ft. Circulated hole and tripped out drill pipe
and bit. To keep the hole from collapsing below the Culebr~ it was decided to place a PVC liner
in the unnamed lower member of the Rustler Formation. Rigged up a 19.97-ft joint of PVC (5.5-
inch OD and 4.88-inch ID) on a Baker inflatable packer and tripped liner assembly in hole on
drill pipe. Placed liner in hole covering an interval from 765.0 ft to 785.0 ft. Deflated the
packer. Packer was checked and was free from liner. Moved packer up hole and reinflated
above liner to be sure liner was left in hole. Checked out, PVC liner in proper location. Tripped
out packer and drill pipe. Rigged down packer and drill rig. Site secured at 1800 hr.

9-05-95 U.S. Geological Survey on site to complete finrd geophysical logging. Logs run on
H-19b6 included natural gamm~ neutron porosity, and caliper.

Operations associated with drilling completed on H-19b6.
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HYDROLOGIC DRILLHOLE H-19b7
ABRIDGED HOLE HISTORY

The following hole history was abstracted fkom Sandia’s daily drilling records. Tailgate safety
meetings were held each day prior to the beginning of operations.

NOTE: All depths are measured from ground level.

7-26-95 Cut off surface casing at H-19b7 location. Moved equipment from H-19b6. Rigged
up Water Development rig, Dresser T70W, over 14-inch surface casing and established depth
control for well (v-notch cut in surface casing). Set up mud pumps and shale shaker. Raised

mast. Tallied drilling assembly, collars, and drill pipe. Made up drilling assembly consisting of

a 6.25-inch tricone button bit. A smaller bit was used to accommodate wireline coring to be
done (to start at about 685 ft). Site secured at 1830 hr.

7-27-95 Moved drill pipe to site and finished rigging up over H-19b7. Filled mud tanks with
saturated (lO-lb) brine and salt gel. Picked up 6.25-inch bit assembly and tripped in hole to
bottom of surface casing at 38 ft. Broke tower at 1045 hr, began drilling 6.25-inch hole using
saturated brine and salt gel as drilling fluid. Drilled from 38 ft to 217 fG circulated hole clean
and tripped out drill pipe to collars. “Tight” spot in hole at 150 ft; worked drill bit back and forth
through zone. Site secured at 1815 hr.

7-28-95 Tripped in hole with drill pipe. Back on bottom at 217 k, circulated hole and

continued drilling 6.25-inch hole from 217 ft to 357 ft. Circulated hole and tripped out of hole to

collars. Site secured at 1755 hr.

7-29-95 Tripped in hole with drill pipe to bottom at 357 t, hit several “tight” spots. Reamed
through “tight” spots and circulated hole. Continued drilling from 357 ft to 524.4 ft. Circulated
the hole and tripped out drill pipe to collars. Site secured at 1800 hr.

7-30-95 Rig maintenance. Tripped in drill pipe, reamed “tight” spot at about 150 ft. Back on
bottom at 524.4 ft. Circulated hole using saturated brine water and salt gel. Continued drilling
6.25-inch hole from 524.4 ft to 577.4 ft. Because of bit problems it was decided to trip in with
wireline pipe and “drill” anhydrite with wireline bit “4.833 inches” so there would be an
acceptable “pilot” hole to stabilize coring at 685 ft. Picked up Christensen-Boyles wireline
coring assembly (4.833-inch bit) and tripped in on wireline pipe to bottom of hole at 577.4 ft.
Rigged up and continued drilling a 4.833-inch-diameter hole from 577.4 ft to 592.4 ft.
Circulated the hole. Site secured at 1745 hr.

7-31-95 Circulated hole using saturated brine and salt gel as drilling flui@ thinned down mud.
Continued drilling 4.833-inch hole from 592.4 ft to 647.4 ft. Very hard drilling. Circulated hole
and pulled back wireline pipe. Site secured at 1800 hr.

8-01-95 Tripped in wireline pipe to 647.4 ~ reamed through “tight” spots. Circulated hole

using saturated brine water and salt gel. Continued drilling 4.833-inch hole from 647.4 ft to
678.6 ft (core point). Very hard drilling. Rigged up split inner barrel and run in on wireline to
begin coring operation. Started cutting 3.345-inch core at 678.6 ft using Christensen-Boyles
wireline coring system. Cut core #1 from 678.6 ft to 683.6 ft and recovered 5.0 ft of core
(100%). Cut core #2 from 683.6 ft to 688.6 ft and recovered 5.0 ft of core (100%). Cut core #3
from 688.6 ft to 693.6 ft and recovered 5.0 ft of core (100%). Cut core #4 from 693.6 ft to
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698.6ft andrecovered5.0 ft of core(100%). Cut core #5 from698.6ft to 703.6ft andrecovered
5.0 ft of core (100%). Cut core #6 from 703.6 ft to 708.6 ft and recovered 5.0 ft of core (100%).
Cut core #7 from 708.6 ft to 712.1 fG barrel blocked off. Tripped out inner barrel and recovered
3.5 ft of core (100%). Cut core #8 from 712.1 ft to 715.3 fi barrel blocked off. Recovered 3.2 ft
of core (1OO%). Circulated the hole. Pull back wireline pipe. Site secured at 1845 hr.

8-02-95 Rigged up to core. Established circulation using saturated brine water and salt gel;
however, wireline pipe or coring assembly “stuck.” Pulled on wireline pipe and tried to work
pipe free; unable to move pipe. Decided to unload hole of drilling fluid with compressed *,
pipe came free. Cleaned up around rig. Rigged up to core, established circulation with saturated
brine and salt gel. Continued to core using wireline system. Cut core W “from 715.3 ft to
720.3 ft and recovered 5.0 ft of core (100%). Cut core #10 from 720.3 ft to 725.3 ft and
recovered 5.0 ft of core (1OO%). Cut core#11 from 725.3 ft to 730.3 ft and recovered 5.0 ft of
core (1OO%). Cut core #12 from 730.3 ft to 735.3 ft (casing depth) and recovered 4.8 ft of core
(96%). Finished coring the lower Tamarisk Member of the Rustler Formation. Tripped out
wireline pipe and coring assembly in preparation for reaming borehole to 12.25 inches. Cleaned
up coring equipment and secured site at 1800 hr.

8-03-95 Made up drilling assembly consisting of a 12.25-inch tricone button bit and stabilizers.
Tripped in hole to bottom of surface casing at 38 ft. Began reaming 6.25-inch hole to 12.25
inches, using saturated brine and salt gel as drilling fluid. Picked up collars. Reamed from 38 ft
to 297.4 ft; circulated hole and tripped out drill pipe to collars. Some “tight” spots. Site secured
at 1800 hr.

8-04-95 Circulated hole using saturated brine with salt gel as drilling fluid. Continued reaming
6.25-inch hole to 12.25 inches from 297.4 ft to 564.7 ft. Circulated hole and tripped out drill
pipe to collars. Site secured at 1830 hr.

8-05-95 Tripped in drill pipe. Circulated hole using saturated brine with salt gel as drilling
fluid. Continued reaming 6.25-inch hole to 12.25 inches. Reamed from 564.7 ft to 678.6 ft.
Problems with hard drilling in anhydrite. Hole size had been reduced to 4.833 inches at 678.6 ft.
Continued reaming hole to 12.25 inches from 678.6 ft to 682 ft. Circulated hole and tripped out
drill pipe to collars. Notified State Engineer’s office and cementing company of pending casing
job. Secured site at 1800 hr. . . .

8-06-95 Rigged up to trip in drill pipe, but had problems with gate.latching on top head drive.
Repaired and tripped in drill pipe to bottom at 682 ft. Circulated hole using saturated brine with
salt gel as drilling fluid. Continued reaming 4.833-inch core hole to 12.25 inches from 682 ft to
733.6 ft (casing depth). Circulated and conditioned hole to run casing. Tripped out drill pipe,
collars, and bit and stabilizer assembly. Staged fiberglass casing and made up combination
casing shoe-float collar. Site secured at 1730 hr.

8-07-95 Inspected and tallied 27 joints of Centron DHC 300, 7-inch, 5.7 lb/ft, fiberglass
casing. Placed a combination guide shoe-float collar on bottom of fust joint. Rigged up and
started running casing. Finished running 27 joints of casing, landing the bottom of guide shoe at
731.01 ft at 0930 hr. BJ-Western Cementing company on site at 0935 hr. Centralizers were
placed on the top of guide shoe-float collar and on top of casing joints numbers 1,3,6,9, 12, 15,
18, 21, 24, and 25. BJ-Western rigged up circulation head and broke circulation at 1050 hr.
Commenced cementing operations at 1055 hr and pumped a slurry that included 70-30’%
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pozzolan cement with 5% salt, 2% bentonite followed by a tail cement slurry consisting of Class
C cement with 2% calcium chloride. Plug was dropped, pumped down, and bumped at 1134 hr,
and cementing head was shut in. State inspectors on site during cementing operations. Cement
was circulated to the surface putting about 118 sacks of cement in pits. Demobilized BJ-Westem
and cleaned up. Wait on cement. Standby. Secured the site at 1800 hr.

8-08-95 Standby. Wait on cement. Crew steamedoff collars. At 1330 hr picked up
5.875-inch bit and drill pipe and tripped in the hole to cement fill at 709 ft. Circulated hole and
began drilling out cement. Continued drilling cement from 709 ft to 735.9 fi using saturated
brine as drilling fluid. Circulated hole and tripped out drill pipe and bit. Site secured at 1815 hr.

8-09-95 Inspected core barrel and bit. Moved in wireline pipe and picked up Christensen-

Boyles wireline coring assembly (4.835-inch bit to cut 3.345-inch core) and tripped in hole on
wireline pipe to bottom of hole at 736.0 ft. Rigged up inner barrel assembly. Changed over to
coring using compressed air as circulation fluid. Unloaded hole with compressed air. Core run
numbers will continue where coring left off August 2, 1995. Cut core #13 from 736.0 ft to
741.0 ft and recovered 4.6 ft of core (92%). Hit upper contact of the Culebra at 739.5 ft. Cut core
#14 horn 741.0 ft to 746.0 ft and recovered 4.9 ft of core (98%). While running in hole with
imer barrel on wireline, the inner barrel unlatched and fell to bottom, ruining core catcher and bit
assembly. Tripped out wireline pipe and coring assembly. Broke down core barrel, seemed all
right, will wait for replacement parts. Site secured at 1807 hr. Crew on break (days off).

8-10-95 No drilling activity. Crew on break.

8-11-95 No drilling activity. Crew on break.

8-12-95 No drilling activity. Crew on break.

8-13-95 No drilling activity. Crew on break.

8-14-95 No drilling activity. Crew on break.

8-15-95 No drilling activity. Crew on break.

8-16-95 Reworked core barrel; made decision to drill one ft of new hole with bit to try to drill
up core catcher “fish.” Changed plans. Called Lea fishing to try to recover “fish” with a magnet.
Made numerous trips in hole with magnet, but not able to recover “fish.” Site secured at 1830 hr.

8-17-95 Decided to trip in core barrel and try to core over “catcher.” Tallied wireline pipe,
picked up coring assembly, and tripped in hole to 746.0 ft. Changed over to core using
compressed air as circulation fluid. Unloaded hole with compressed air. Core runs numbers will
continue where coring left off August 9, 1995. Cut core #15 from 746.0 ft to 750.2 ft and
recovered 2.6 ft of core (62%). Cut core #16 from 750.2 ft to 754.7 ft and recovered 3.0 ft of core
(67%). Recovered several small pieces of metal from catcher. While retrieving inner barrel,

swivel came loose so will trip wireline pipe and core barrel. Tripped out and made repairs.
Tripped back in hole to 754.7 ft. Continued coring from 754.7 ft using compressed air as coring
fluid. Cut core #17 from 754.7 ft to 759.7 ft and recovered 4.3 ft of core (86%). Cut core #18
from 759.7 ft to 764.7 ft and recovered 2.7 ft of core (54%). Hit lower contact of the Culebra
with the unnamed lower member at 764 ft. Cut core #19 from 764.7 ft to 768.0 ft where core
barrel blocked off. Recovered 1.7 R of core (52%). Cut core #20 from 768.0 ft to 773.0 ft and
recovered 4.0 ft of core (80%). Cut core #21 from 773.0 ft to 778.0 ft and recovered 5.0 ft of
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core (100%). Cut core #22 from 778.0 ft to 783.0 ft. Recovered 5.0 ft of core (1OO7O).
Completed coring at a total depth of 783.0 ft. Circulated the hole. Site secured at 1730 hr.

8-18-95 Tripped out wireline pipe and coring assembly. Moved out wireline pipe. Moved in
drill pipe. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit and drill
pipe to 735.9 ft. Rigged up air head getting ready to ream core hole. Unloaded hole with
compressed air. Using compressed air as drilling fluid; reamed core hole with 5.875-inch bit
from 735.9 ft to 783.0 ft and drilled new hole to 785.0 ft (’ID). Circulated hole and tripped out
drill pipe and bit.

8-19-95 To keep the hole from collapsing below the Culebr~ it was decided to place a PVC
liner in the unnamed lower member of the Rustler Formation. Picked up 5.875-inch bit and
tripped in hole with bit and drill pipe to re-rearn hole back to total depth of 785.0 ft. Unloaded
hole using compressed air and re-reamed hole. Rigged up a 19.97-ft joint of PVC (5.5-inch OD
and 4.88-inch ID) on a Baker inflatable packer and tripped liner assembly in hole on drill pipe.

Placed liner in hole covering an interval from 762.5 ft to 782.5 ft. Deflated the packer. Packer

was checked and was free from liner. Moved packer up hoIe and reinflated above liner to be sure
liner was left in hole. Checked out OK. Tripped out packer and drill pipe. Rigged down packer
and drill rig. Moved rig off hole to H-19b4. Site secured at 1800 hr.

NOTE: Moved back to H-19b7 on September 5, 1995, to complete geophysical logging of hole.

9-05-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on
H-19b7 included natural gamma, neutron porosity, and caliper. Rigged down from hole and
moved to H-19b2.

Operations associated with drilling completed on H-19b7.
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H;19bl,.
~.~,.-.

35~ a-
R.,1”4 &w,8 1967

IMPOBTANT-READ INSTRUCTIONS ON BACS BEFOEE FfLLlN13OUT TNIB FOSM

APPLICATION FOR PERMIT

To AppmptiatetheUndergroundWafers of the State of New kfexico

Dare Received November 14, 1994 FileN.. C-2420
1. Name of .pplicsnt U. S. Depa-ent of Sne rsy, Csrlabad Ares Office

f4aifiigaddress P. O. Box 3090
Cityand Stme Csrlsbad, Ifcwlierico 88221-3090

2.%.rceofwmers upply Attas* Carlsb@ 8ssin,loc~tedh
(artesian or shullew water squifet) (name ofuadcrgmuadb-sin)

3*TheWCN is M be Iocued in tbe~% a4.&!!_% scccioo~ Tommhip 22s

Range 3~ )4.M.P.M,, orT;ectNo.~1 MepNo.~f the District,
on kad c.wned by U. S. Department of Enerev .

4.De.cziptioo of WGII: same of tiller H-19bl, Test Wen. ~ T.~c==ed drfller be~

Outside Ditmeter of casing 9.12 ~ee~dkbes; Appmximmedepcb m be drilIed

S. Quantity of -tee to be appropriated and beneficially used ~~ tive, 10 *cftfeet,

(eom~ump[i,en~c,*vcr#ioo)
for Hydrologiccharacterisation andteat- Pnfpagea.

6. Acre-Secobeirri~ated or PI*CC01use HIA *CK8.

Subdlvislon Sectfon Towmbfp

——
.—
.—
——
——
——
.—

rtuwe Acres Owner

—— .
.—

--——
:.:——
c:.—
1-

—.

.—

—.— .—
.A.

i’. Additiomf ●mmmts or esplmmiom -. -
c. .

Item 4 The contract selection Process for a lfew Kexico licensed driller is
nnde~. A well des%$mwith approrfmste depths is attsched.

Item 5 The hole will he c~
be used for lon~-term monftorim? and testinz of the ~w+.
chsracterfst%cs of the Culehra member of the ustJsz vR &er
the lifetime of the testfne n- of t~ 1. 7 q~ t
20 acre feet vfll be used ~~c
Po=o inv well for ~_.fRe4uI=~? rn use

recessed separately.)

:aly

liote: An smanded form or a letter will be sent to tbe State Eneiner’s
office if and vh~
enclosed are new=.

1, Harold .c W am .lr .●fliaa tiar &e fore-ins sutcamrx. are craw to &e bestlc#rny baowiedge

aad befief sod dmtdefelopmeat shall not commenceuntil tppmrsf of tbe petit hss bee. obuiocd. ‘- s

subscribed -d SWIU to before Me &is NiYIth
.

dsy of_lh!@hEjh.; A.D.c 19~.

MY ..mmi:.iom expires April 29. 1997
Nocuy Pubfic

D-3
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Number d INS permit c-2&20

ACITON OF STATE ENQINEE8

After00&c pwsuaa~m S1.mtesadky.utfIofi~res[ed ia me, ibis ●pplicuioa is .ppro.cdprarided it is oat exetciced

m &e dmtimcat of my @IerS ha.jag =Xisfiag rights; furdmr pm.ided that all rules mnd tegulmiorm of the State Eogi-

necr Wt&iig to the drilling of artesian wells be compIicdwith: and funk subjea to the folIowing

SEE A’17ACIfE0 CONDITIONS OF APPROVAL

.

Proof of completion of well shall be filed on or before
N/A

, 19

PtWf of appfbtion of water to beneficial u~e shall be filed on or before
WA

, 19

Vtmess my bmd snd seal this
J3=

day of ‘anua~ , A. D., 19
95

INsTRUCTIO!W

‘Ibis form shall be executed, preferably cypewtittcn, in triplicate snd shall be *accompanied by s filing fee of $MO.

Each of uiplicste copies muse be pmpedy signed zmd a;!estcd.

A separare sppliemion for permit I-&c be filed for each well used.

Sees. l+Fifl oue .11 blanks fully and accurately.

Sc. Wrti&atic.n u%. shall be seated % act. feet cd water per acre per sar.utn to be applied on the land. N for

mnnicipsf or odner purposes, state mmf quantity ia acre kc to be used anrwally.

%. (&Describeealy the lands to be irtigated or wbcte water will be used. If on uasurvqed lads dcs~bc ~

Iegaf mhdhision % p;ojccted’t Immthe nemest gownmtnt survey comets, et describe by metes and bounds and tie

swwy ro some pennwent, cssily locatednwml object,

SeG T-if lxads me inig.ted fmm any otbet source, ezplain in this .ecrion. G*C any ether data r,ectasuy m

folly describe water right saugbc.

D-4
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Dockum Group

Dewey Lake Red Bed

Forty-Niner Memb

I
645

(
:1
I

1 669
(
:(
t

758

n

Culebra Dolomite
Member

783

unnamed lower member I

13
Salado Formation

Note: Depths infeetapproximate
Nottoscafe

Ground Sufface Elevation
3438 ft. amsl

Fc-
!i--12.25” Reamed Borehole

.

,.

.

-.

.

.

Well Casing

—..

—

:.’x,.-
Ui :-” “ -

% i’.w” OpenHole

—Total Depth803

OatlxOlio!iw “
Ret JBP/atdels/s5

TRI.611W-3
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CONDZ!ITOKS OF .4PPROYAI. -

PEFAIT NO. : C-242(3

PERNITTEE : U.S. Department of Energy, Carlsbad Area Office

1. The total diversion of artesian groundwater from the Culebta
?Iemberof the Rustler Formation under this permit will be
iimited to 10.0 acre-feet per annum measured at the [;elland :~
total of 20.0 acre-feet per annum measured at the well during
the life of this pelmit.

2. A totalizing meter of a type approved by and installed in a
manner and at a location acceptable to the State Engineer

shall be installed before the first branch of the discharge
line from the well: the State Engineer shall be advised of the
malce, model. serial number. date of installation, and init~al
reading of the meter prior to appropriation of water.

3. . The permittee shall record the meter reading in writing on the
first day of January, April, July, and October of each year on
a form acceptable to the State Engineer and submit said
reading to the State Engineer on or before the 10th day of
January, April, July, and October of each year.

4. The well shall be constructed to artesian specifications. If
any deviation from artesi:.mspecifications is required. it
must be approved by the State Engineer. The State EnSinee?
District 11 Office, Rowell, shall be notified a minimri of J3
hours prior to the casing being landed and/or cementt=d.

5. The State Engineer shall be advised 48 hours in :A_ance of th~:
beginning of any pumping tests.

6, Well C-2420 shall be drilled by a drillez licensed in the
SCate of New !lexicoir.accordance with 72-12-12 Xc\;>Iexicl.1
Statutes annotateli.

7. ~his permit shall tem.inate upon the completion (>f f-he aquifer

testing. or on January 31. 199S, whichever is wmlie].

D-7
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E-19b2
R,vlse4 b#wst 19b7-

IMPORTANT-READ lNS+RUCTfONS ON BACK BEFOEE FILLINO OUT THIS FOS39

APPLICATION FOR PERMIT

To Appropriate fhe Underground Waters of the Stale of New Mexico

Dme Receiwed November 14. 1994 FiIe No. C-2421
I. Nme of .Ppfk.at U. S. Department of Bner~, Carlabad Ares Office

M-iling address P. O. Box 3090

City and .%.tt

2. SOu?ceof WscersuppIy Artesian , located in Carl+ad Sash
(artesian or shallow wacectquifer) (n&e of undccgrotmdb.sia)

3. T& well is m be loctted in &e SB— 8 Ji!L!4 g, section 2s Tomsbip 22 S
RMge 31 E H.bf.P.9d,, orTractNo~f M+$Ne.~f the Oiscricc,
an lsad owaed by U. s. Department of Saerm .

4. Deactipcioa of WCII: name Of tilkt E-19b2, Test Ha, HAL U.tensed Driller Being Selycted
OutsideUiameter 0[ casing 7 incheq Appmxim”ate depth m be drilled 790 few

5. .C@tky of water cn be ●ppropriated ~d beneficially used COUCU?EPtive, 1 u:e fee c,
(Con.utnptire use, diversion)

for Hydrologic chsracterfzatlon and testing jwqme-.

6. AcreaSe to be irrigated or pl.ce d use EIA >Crea.

Subdlvlsion SectJon TownshipRange Acres O&r

-=

—— . . r-

—— —— L.

—— . . p-. ,,—— —.
—— ——

7. Additional atmcmmsm or exphm.tims
Item 4 Tbe contract selection pzocaaa for, a WV 34axico lfcenaed driller is

. underway. A well design U-MI w prorimate depths ia attaebed.

Item 5 The hole will be completed in the Snarler Formation. Tbfa hole al

thsracterfstica of tbe Colebra member of ~r
the lffettie of the t.~11 . 7-3 v.

~
~tely

~Yan iu+e~.-l 1 ~i. ●F=PPY*@=*. ~o
uae tracers befnz u c ss sw rately. 1ro e ed a me data from tbese tests ia
tn he n%+ i“ the lJTPP ~.”r

ROte: An amended form or a letter vlll.1be sent to the State Snglneer1s
Office if an when any Simif icsnt additions to the information
emlosed are neceaasry.

11~ ,●ffizmthe rbe foregoing stxmn ems ● e me to the k:t ef m: knowkdlc
and belief -d dmt derelopajem shalI riot .xxnmeac. until appmv.1 of the petmic bas beeu obw”ned.

Us. &.@rtment of Enercw

p~?zz~

,Pemsittee,

By? .

.-
bfy ronmissioa expires bri 1 2’9. 1997 //~ fz&z_

w
otuy Public

D-8



Nubct of tbh permit C-2.421

AC170N OF”STATE ENQNUEEB

SSS ATI’ACHEOCONDITIONS OF APPROVAL

Proof of completion of well simll be filed oa or &fore
NjA

, 19

Proof of ~ppficacion of wster to baeficial tpe Shall b. filed o. Or bei.ce
NIA

, 19 .—,

D.T. Lopez, Acting State Engineer.

lNSTRUCTfO?W

This form .b.11 be czeeuted, prefembly typewritten, in wipli=te ●nd shall be accompanied by a fifiig fee of $MO.
Gcb of triplicate copies must b. prop+ signed and ●ttested.

A separsce sppfic.cioa for pcnnic mum be filed for each well used.

%CS. l-d-pill out afl blanbz fulfy md .ccumely.

sec. S-lrrigscion use shall be stated %1 acre feet of w~ter per ● cre per mwnur. to be applied 00 the lmd. N for

moicipaf or other purpeses, state tataf qusnticy in sew feet co bc used annually. . .

sec.&Oesccibconly the lands IO be irrigatedorwfwewaterwillbe.se& Ifonuas-eyedlandsdescribeby
I;gal subdivision %s projecred” from the nesrest ga.emment survey comets, or dexcribe by metes sad bounds mad tie

sumry m some penmaem, easily Iocsted a-cud object.

SeC. 7-N lads Ue itrigated fmm my other source, erpfain in thh section. GLw any other dam oecc8smY 10

fufly describe water rifit sought.

D-9
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Hofooene Deposfts

Dookum Group

InDewey Lake Red Beds ~
●

.

Forty-Niner Member [
1

..

645 .
..

Magenta Dolomite i
Member :

:..
669 -.

..
.-

Tamarisk Member :.
..

758

Culebra Dolomite
Member

783

unnamed lower member

3
Salado Formation

GroundSurfaceElevation
3438 ft. amsl

ti ..

II=
.“

18“ Hole...
“. 1.75”47 ib/ft Conductor Casing

U--- 40

r10.75” Reamed Eorehole

\

I 7“FiberglassWellCasing

= 4.83” or 6.125” Open Hole

— Total Depth 803

--
&,. -
C
r_

-.

-..
-.
.,-:.

Note: Oepths in feat approximate
Not to Scale

02itwolm594
Ret J8P/BholelS/85

TRI-611W2
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CONDITIONS OF APPROVAL
+ ,

PEIWIT NO.:

PERIYITTEE:

1.

2.

3.

4.

5.

6,

7.

C-2421

L:.S.Department of Energy, Carlsbad Area Office

The total diversion of artesian groundwave-r-fromthe Gulebra
tlemberof the Rustler Formation under this permit will be

limited to 1.0 acre-foot per annum measured at the well and a
total of 2.0 acre-feet per amum measured at the well during
the life of this permit.

A totalizing meter of a type approved by and installed in a
manner and at a location acceptable to the State Engineer
shall be installed before the first branch of the discharge
line from the well; the State Engineer shall be ad~’isedof the
make. model. serial number, date of installation! and initial
reading of the meter prior to appropriation of water.

The permittee shall record the meter reading in writing on the
first day of January, April, July, and October of each year on
a form acceptable to the State Engineer and submit said
reading to the State Engineer on or before the 10th day of
January, April, July, and October of each year.

The well shall be constructed to artesian specifications. If
any deviation from artesian specifications is required, it

must be approved by the State Engineer. The-State Engineer.
District II Office, Roswell, shall be notified a minimum of 4S
hours prior to the casing being landed and/or cementerJ.

The State Engineer shall be advised 48 hours in advance of the
begi~ing of any p~ping lXStS.

Well c-2421 shall be drilled by a driller licensed in the
State of New Mexico in accordance &-ith 72-12-12 New Yexicm
Statutes annotated.

This permit shall terminate upon the completion of the aquifer
testing, or on January 31, 1998, whichei’eris earlier.,

D-1 1

.— —.



——.—. .— —.—..—. .—

H-19b3

R,vIwd AAIW.9 1967

IMPORTANT-READ lNSTRffCTfON8 ON BACK BEFORE FfLLINoOUT TSILZ FOSM

APPLICATION FOR PERMIT

To Appsopn”ate the Underground Waters of the State of New Kexica

Dim Received November 14, 1994 File No. C-2422
1, N.me of .PPlictat U. S. Department of Energy , Carlsbsd Ares Office

Mailing ●d&em P. O. Box 3090
Gty andSum Cerlsbad. Nf4

2. +“,.. Of **Z.* supply Arrasfsn , Iocsced ia Ca?3.shad SSsf.n

(srccsi.a or shd!.w w.tec squifer) (n=e of tmdetgramd bssia)

3. The well is m be Iocaced in &e_ SE x NS 14 SW X, &cCon 28

Rage 31 E
Tonnahip 22 S

N.LP.M., or Tract No.~f Map Na.~f the District,
on fad ewned by U. S. Department of Enerw .

4.D.Ktip&Q of~,N: ~~~ .fdtim, H-19b3* Test w-, N.3f-Hcensed Drfller Being Sel~cted
Outsidef)knemrofcasing 7 inches; Appmxim”stedepth m be drilled 790 Iceti

~. .Qnsn&y of water to be ●ppmprimcd and heacficidly used ti~ tive, 1 SC;efee~
(consumptive me, diversion)

foe Hydrologic cbsracteriaatinn and testing pqasec.
6.Acrcsgem he ircig.t.d or place of use N/A @cres.

Subdlvlaion SeeUm Townsh~ Range Acme Owner

.— .—

—— —.
-.

—— ——
+-

—— ——
+—— —.

—— . .
—— . .

—— ._

—— ._ ..
7. Additional smmtnents or e~lanmimts

N R . .

Item 4 l%e contract selection Process for a New H&co licensed driller ia
underway. A well design uitb awroxfmate depths is attached.

Item 5 Tbe hole will be completeflh the Rustler Formation. l’biahole will
be used for lonx-term moni~z d ~ of & ●an *@p

characteristics of the Culebra member of the ~ -d&er
the lifetime of the t~ 7-? V.=S7C a. tely

2 acre feet~ Wf.11 +!s*rih. ?
(Re~

~Y
nn fni-~,b... l-eel-. o
use tracers beirm nrocessed seuarat~= ) Tbe data from these tests 2s

Note: Ansmendedf ona or a letter wi.3Jbe sent to the State Engineer’s
Office if an when any significant additions to tbe infomstion
enclosed are necessary.

1, Harold ; Klallc 1?. , affitm tlmt rbe fore~iog statements are one tothebestof ray bnowledge
and belief and thm de.elopmem shalI not commenceuntil sppr07d of the petit hss bee. obtained.

Us. D~rfment of Energy , Pemtiuee,

efl .

Subscribed and SWOtU co before me this Ninth ‘ dayof , A.D., 1934 .

MYcammis.ionexpires April 29. 1997
Notuy Public

D-12



Nmbet of this permit C-2422
,.

ACTXON OF STATE ENQINEEB

After norfce putmwnt to st.rute @d LY ..tboticy ..sced is me, thfs appfic.cion is sppmsed pmrided it is nor exercised

m rkc deu”meacof uv others ha.ing existisg rights; further pnmided th.c .11 roles and maulscioaa of the &ste f%i-
mcerpenmioiig co the 13rilfiflg ef artesian welfs be compfied wi~, md funber subject co &e following

COocltions:

SIZE ATTACHEO CONDITIONS OF APPROVAL

Proof of eompkion of well shall be filed em or before WA , 19

Proof of qpficsti.aa of wtcer w beneficial u:e shsll be filed on or before NIA , 19

2 7&Vime#amyhand and sesf this ~— dsy of Januarv , A.D., 19fi_.

..

lNSTfNICTfONS

l%is form shsffbe cxeeumd, ptefersbfy typewritten, it! tripfica!e and shall be accompanied by ● fifiig fee of $5.W,

Each of triplics!c copies must k properly signed and attested.

A separate application for permit must be filed for etch weN used.

%CS. I-4-FNI out afl blsnks fu!ly snd accurately.

sec. S-Irrigation use shall be stated ~n acre feet of water per acre per =nu.a to be applied on tie knd. Mfor

municipaf O; ocher purposes, state total quantity in acre feet to be used aanually.

&e. d-Describeonly the lands to h irrigated or wherewaterwill be used. lf on uasurveyed lands describe by
fqd suMiTision % projected” fmm die nearest sovemmertt surtey comers, or describe by ❑ etes and kounds sad tie

survey m same permmea~ emsify Iecsred astural object.

Stc. 7-11 lands are inicmed from UIY ocher se.rce, explain in this seesioa. Oh any ocher dsu aecesxuy to .

fully describe water right saugbt.
.

D-13
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758

7

Culebra Dolomite
Member

783

unnamed lower member

0 Salado Formation

Note:Depti infeetappmimate
NottoScab

Ground Surface Elevation
3438 ft. amsl

R/..

I/R
.-

18” Hole..
-. 11.75”47 lb/ft ConductorCasing

w--- 40

I 10.75” Reamed Borehole.

1’7“ FiberglassWell Casing

.

.

:

,.
..

.

748

c . .—

-..
-=
---

* .----.-.
m.3 ::: -—.
~ ,- ., .

,.

~ 4.83” or 6.125- Open Hole

— Total Depth803

Data 01KEKJ4
Re~ JBP/8hoielS/8S

TRI.611S2
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CONDITIONS OF APPROVAL
?,~ ;

PERNIT NO.: C-2422

PEPWTTEE: U.S. Department of Energy, Carlsbad Area Office

1. The total .ciiversionof artesian groundwater from the Culebra
Member of the Rustler Formation under this permit will be
limited to 1.0 acre-foot per annum measured at the well and a
total of 2.0 acre-feet per annum measured at the well during
the life of this permit.

2.

3.

A totalizing meter of a type approved by and installed in a
manner and at a location acceptable to the State Engineer
shall be installed before the first branch of the discharge
line from the well; the State Engineer shall be advised of the
make, model, serial number, date of installation, and initial
reading of the meter prior to appropriation of water.

. .
The permittee shall record the meter reading in writing on the
first day of January, April. JuIY, and October of each year on
a form acceptable to the State Engineer and submit said
reading to the State Engineer on or before the 10th day of
January, April, July. and October of each year.

4. The well shall be constructed to artesian specifications. If
any deviation from artesian specifications is required, it
must be appro~red by the State Engineer. The State Engineer.
District II Office, Roswell. shall be notified s-minimum of 4S
hours prior to the casing being landed andlor cemented.

5. The State Engineer shall be ad~’isecl 48 hours in advance of the
be~innin~ of an}- pumping tests.

6. Well C-2422 shall be drilled by a driller licensed in the
State of !iew ?lexico . in accordance with 72-12-12 Sew Yexico

Statutes annotatefi. ~~

7. This permit shall terminate upon the completion of the aquifer
testing, or on Januar>- 31. 199S. whichei-er is earlier.

D-15
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H-19b4 $. oJ7;:b . .

R.VtSCd &WS8 Nb7

lHPORTANT-READI N~RUCmONEON BACK BEFOEEflLLINa OUT TR18FOW

APPLICATION FOR PERMIT

To Appropi+ate the Vndergmund Waters of the State of New bfezim

D.re Received November 14, 1996 File No. C-2423
I. Nue of .ppKcSnt fJ. S- De?=~tmeQt Of we-, Carlsbad Area Office

Mailingaddreh P. O. Box 3090

Cky and.!+carc Carlsbad. NH 8~-3090

2.

3.

4.

5.

source of water supply &teafso , Iocsced in Car2sbsd Main

hm=sian or AI*MO*water squifec) (mm. of undqxouud fmcio)
Tbewell ismbclocatediodm SE_% mu, Scctios 28 TOwMbfp 22 s
RUIBC31 E Abb.P.&b.,or TtaccNo.~ [ bkp No.~f the District,
on had owned by f?. s. Denaranent of Enerzv

Descriptionofwlk a~e ofti,ue~E-19b4, Test u~= ~J’f-~==ed D~er M sel~cted
Outside Diameter of casing 7 inches; Appmxim”scedepth co beddlled 790 feeti

Qumcicy of w.c.r m b. sppmprfm.dsad bmeficidy used f%IISLUXJtive, 1 acre feet,
(consumptive use, dbetsion)

[01 Hydrologic characterisatinn and testing PWpscc.
6. Acreage m be irn.facedor plsce of use NIA *cfcs.

Subdivision SecUoa TownablP Range Acres Owner -

L- :.
—-

—— ——
-.:

.— .—

—— —. —
.— —— —.— —— ~
.— ——

F.— .—
.—

.— —. m-l
co<

7. Addicioaal●Ismncaccet esplmmiom
. ..

Itm 4 The contract selectj.on process for a Uee Herico 2icensed driller ia
anderusy. A well dasign with approximate depths is attached-

Item 5 The hole w5.3.2be crimpletad in tbe Rustler Forsation. Tbfa hole vU..

be used for long-term mon~+ c

the lifethe of the t~ of t~ ?--4v.~tely
2 acre feet till fit=tu@_ss*lv. This .-?-f+- ?O ~~ ?~Y
an in~@. ---- -*=*= ~o
use tracera being mrecessed separate& ) The data frsa these tests U

Note: An smended fotm or a letter ulLl be sent to tie State flogineer’a

Office if an whan any Simli.ficant additions to tbe information
enclosed are necessary.
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Numbcc of tic pedt C-2423
.

ACTION OF STATE !2tiGlNEER

Afw norieepumumw smwc csd ky .ucboriry veined in me, &is application is sppmmdpnxideditis not exezcised
m he dedmeat of cny ocbers ha.iag. exisciag tights; furrlmt pmmided dmt all rules cnd KSUMO08 of tbc Ewte &gi.

aeec percaisiig w &e drilling of artesian welIs be tipficd wi% -d lumber rnbfecc to the foNowiag

conditions:

SEE A2TACEfSD CONDITIONS OF APPROVAL

.

Proof of completionof weN shdi lx filed onor before NfA *19

Pcwf of cpplicscion of wster to beneficial use shall be filed on et before WA , 19

Timcasmy bud and secf &is z~- jayof January , A.D., 1995

D.T. Lopez, Actin,gState Engineer

lNSTRIfCTIONS

~is Iocncshrill bc ●xecuted, preferably typewtitteo, in uiplicste md shall be accompanied bys filing fee of SW2.
Escb of triplicate copies musrbe properly signed and sttested.

A separate spplicscionfor permit must be fi[cd fcx e~ch well used.

S.CCS.l-4-FilI ouc s11bl-ks fullY and .ccurateIy.

Sec. 5-.lrri@ion use shsll be s-ted 10 acre feet of water per acre per annum to be sppfiedoatheIud.N 10;
muckipdO;otherpurpcses, state coml quantityin acre feet to be used annually.

1

ScC. d--oesctibconly &c Isnds to be irtigwd or where wctet will be used. If en unsucmycd Iaadx describe by

lescl suWtrision %s projected” from the nearest gewnmcat surveycomers, ar dyibe by metes and touads cnd cie

CUITCYco came pmnmaenc, estily located natural objece ,. . ..- . .

Sec. ?-If lsnds Ue irrig. ted fcom say otbct source, explain in this section. Gi*e say othet dstm ac.essuj to .
folly describe water ri~t sought.

D-17
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Holocene Deposits

DookumGroup

Dewey Lake Red Bed

596

1.

Forty-NinerMernb

646”

c
o Magenta DOIQmite
=
E
~ 669

[

758

7

Culebra Dolomite
Member

783

unnamed towermember L-

13
Salado Formation

Note: Depths infeetappmimate
NottoScale

Ground Surface Elevation
343B ft. amsl

F~OrC=I:ir-..
10.75” Reamed Borehole

b7“ Fiberglass Well Casing
.

i.
I
1“
:
.

.

“..

.
..

●.
.

:.
746

.
cc
—

—.
-G”
—

~ 4.83” Or6.125” open Hole

Total Depth 803

DataolnH?34
Ret JBP/BholelWSS

TRI-611S+2

. . .. ..—
~, -.
r’
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CONIITIOXS OF APPROi:AL

.! <

PEIWIT XO,:

PHWITTEE:

1.

2.

3.

4.

5.

6.

7,

C-2423

U.S. Department of Energy, Carlsbad Area Office

The total diversion of artesian groundwater from the Culebra
Member of the Rustler Formation under this permit will be
limited to 1.0 acre-foot per annum measured at the well and a
total of 2.0 acme-feet per amum measured at the well during
the life of this permit.

A totalizing meter of a t::peapproved by and installed in a
manner and at a location acceptable to the State Engineer
shall be installed befOre the first branch of the discharge
line from the well; the State Engineer shall be advised of the
make, model, serial number. date of installation.and initial
reading of the meter prior to appropriation of water.

The permittee shall record the meter reading in writing on the
first day of January, April, July. and October of each year on
a form acceptable co the State Engineer and submit said
reading to the State Engineer on or before the 10th day of
January, April, July, and October of each year.

The well shall be constructed to artesian specifications. If
any deviation from artesian specifications is required. it
must be appro~’edby the State Engineer. The State Engineer.
District 11 Office, Roswell, shall be notified a minimum of M
hours prior to the casing being landed andlos cemented.

The State Engineer shall be advised 49 hours in sdvwwe i>fthe
beginning of any pumping tests.

Well C-2423 shall be drilled b}- a driller licensed in the
State of ?iew Xexico in accordance ~cith 72-12-12 WK Yexico
Statutes annotated.

This permit shall terminate upon the completionof the aquifer
testing. ox on Januazy 31. 199S. whichever is earlier.

“D-19
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E-19b5

IMPoRTANT-READ 1NSTRUCTfONf3 ON BACK BEFORfi FILLINQ OUT THIS FOEN

APPLICATION FOR PERMIT

To Appropriatethe Underground Waters of the StateofNew )fexiw

he Received November 14, 1994 File No. C-2424
1. Nameof applkaot U. S. Department of Energy , Carlabad Area Office

MuNng .d&ess P. O. Bor 3090
Gcy andSCsce~O 88221-3090

2.saute.ofwatersupply‘~=- Carlskad Basin,10cscedb

3.TheWell is m be Ioctred im IIIe

-=:W&+

? x ? X, section 28
Range 31 E N.WPJI.,of‘kccNo.~f bf8p No.~f the

on Imid omed by U. S. Department of Energy

4. Dec~ipti.n ofwdh .~e ofdrillY3f-19b5,Test Well, N.3f.Licensed Driller being sele&~
OutsideDimw~erofc;sing khm; Approximate depth m be drilled 790 ,,,;”./.,:$

s.

6.

QuMricyof water to be ●ppmprisccdand beneficially used CO~ tive, 1 -(Y8crefeet,
(consumptive use, diyerwioa)

for Hydrologic characterization and testing Pwp.xes.
Acrcq,em beirrigscedo;placeofuse WA jcres.

Ssbdivls[an

7. Additional mm,

Secfbon Towneblp Range

.—
——
.—
.—
.—
.—
——
.—
.—

Acres Owner-
L~

-.
-c

. .

---
--
-. .

1- . . .

t-> F.-.
--

-
e~

to tall out the precise 1164, 1116. 01
28 ar ‘“- ‘=–-

-.—–––––—-... .. ..

of t] ----
Amsed drf.11 er M

a

iitult

Cnlebra member of the Rustler fo~tlon. Over
-. *P rorimately

characteristics of tbe
the lifetime of ‘the testing Period of this wall, 2-3 yea
2-3 acre feet will be used consumptively. This well is to be Prinarf2y
n inlection wsll for noiitiwellhydrologic tracer tests. (Raqne8t to
use tracers bein. ~ sen~@ data from these tests is “.

Note: An amended form or a lett r will be sent to the S~er se 1

cant additions to tbe information enclosed
are nec esamw.

L Harold r. W aus Jr. , affi~ CYI.Ctbe f.regui,uS ●amments .ze true to the bcsc of m~ brmwlcdge

md belief arid that de?elopmem sbsll not commence until sppmd of the petit has bee. obuiad.

U.S. Denal%ment of Enerqv

By:

%b~cfihed Md SWOIU u before UICNIS Ninth ‘ day of November , A.D., 19 ‘4 .

My com-ssion ,=;,,. APri1 29,1997
NOW Public
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Nwmber of tbh petmit C-2424

ACTION OF STATE ENGINEER

Afrernotice pursusrnto astute and~y wahorky wxed in me, his spplicmiooistpptmedpmrideditis not exercised
m IAedca”mcnt of my mbcrs h.risg exis~ins rights; funber pm~ided dmt sII Iules md tesulstimt of dx %te tisi-

seec pcztsiniig so the drilIbJE.of artesian WCIIS be compIied -irk and fuder subject to the f.llo=iog
condition,:

SEE ATTACHED CONDITIONS OF APPROVAL

Proof of completion of well shall be filed enorbefore NIA , 19

Proof of sppfication of water co beneficial use shsll be filed m at before
N/A

,19 -

Witness my band and seal this 23- - d,, of January ,AD ,, 95
..— ----

D.T. Lopez, Acting State Engineer

. .

lNSTRUCIYOXS

This form shall be executed, preferably rype~ritrcn. in triplicate sad shall be accompaniedbyafilingfee of $5.GO.

Ssch of aiplicate copies MUSCbe properly si~ed and stteswd.

A separate appficmion forpcnnicmust be filed for eachwdl used.

.%x. I+Fill our dl blanks fully sad ~ccur. rely.

sec. nrrig.xion use shall be stmed in acre feee of water pet acre per snnum m be spplicd on the lud. If for
mnaicipaf or otherpurposes,smostotalquantityh acrefceccobeused antmally.

*c. d--Deacribcooly IAe I.nds to be irrigated or wbcre water will be used. If on unsumcyed lands describe by

legal subdivision ha pmiected” from the nearest gc.vemmcnc sumey comers, or describe by metes and bounds sod tie

survey m some pctumoear, easily located nstural ebicct.

Sec. 7-N lads. me imigmed fmm any other source, explain in this sccxicn. IX*C xny other data aeceasmy to -

fully describe wstcr right sought.
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I
Dewey Lake Red Beds .

.
.

.

I

Forty-Niner Member “

645

Magenta Do!omite
Member

669

Tamarisk Member

758

Culebra Dolomite
Member

783

unnamed lower member

3 Salado Formation

Note: DePhs h feetapproximate
NottoScale

Ground Surface Elevation
3438 ft. amsl

r..

lR-
..... 18” I-iok,

.. 11.75-47 lb/ft ConductorCasing

‘10.75” Reamed Borehole

>7” FiberglassWell Casing

L:.748

‘i_:

--- --
c~

l-’
-:

—-
-.” . -
--- .

.,.

~ 4.83” or 6.125” Open Hole

— Total Depth 803

Da*. 0110594
Ret JBPlBlde18=

TRM1152-2
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PEFU[lT NO. :

PER~lITTEE :

t

1.

2.

3.

4.

:-1.

6.

7.

CONDITIONS OF IPPROV.41.

c-~bzb

U.S. Department of Energy. Carlshaci .4rea Office

The total diversion ofartesian grounckrater from the Culebra
?kmher of the Rustler Formation under this permit will be

li.~ited to 1.0 acre-foot per annum rneasu~ed at the well .-ml a
total of 2.0 acre-feet per annum measured at the well r[ti~in~,

the life of this permit.

A totalizing meter of i~ type appro~-ed by and installed in a
manner and at a location acceptable to the State Engineer
shall be installed before the first branch of the discharge
line from the well; the State Engineer shall be advised of the
make, model, serial number, date of installation. and initial
reading of the meter prio~ to appropriation of water.

The permittee shall record the meter reading in writing on the
first day of January, April. .July.and October of each year on
a form acceptable to the State Engineer and submit said
reading to the State Engineer on or before the 10th day of
Janui~ry,April, July. and October of each :-ear.

The well shall be constructed to artesian specifications, If
any deviation from artesian specifications is required, it
must be approved by the State Engineer. The State Engineer,
District 11 Office. Roswell, shall be notified “aminimum i)f48
hours prior to the casing being landed and/or cemenced.

The State Engineer .shalibe ad~-ised69 !loursin arh:anceof the
beginning of any pumping tests.

Well C-2424 shall be drilled b>- a driller licensed in the
State of New ?lexicoin accordance with 72-12-12
Statutes annotated.

This permit shall terminate upon
testing, ctron January 31, 199S.

the completion of
:;ili::heveris earl,

the :.~quifer
e::.
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E-19b6

.

.

J .oW-o .=

R.vl-J&wst 1967

169PO RTANT-READ lN=RUCT10N8 ON BACN BEFOStE FILLINQ OUT TNIS FOSN

APPLICATION FOR PERMIT

To AppropriatetheUnder@und E’atecs of the State of New dferko

Dm Received November 14, 1994 FikNo. C-2425
1, NurIc Of●iCUK U. S. Department of Energy, Carlabad Area Office
, Mdiig dd5eSS P. O, Box 3090
CitymadState .0 88221-3090

2. Source of wstersupply ‘-k

RM.qe 31 E X.N.P.M,, or Tract No.~f fd8P No.~f tbe

on land emued by

Outside Diameter of cssing incbeq Approximate dephm bedrilled

5.Qusndryof water to be apptoptkced-d bcneficidIy used ~~ tive, I ure feet, ~}~ti

for
(consumptive use, diwsioa)

Hydrologic characterisation and testing gxpmes.
6. Acreagem be itcif.ated or place of uce NIA tcres.

Ssbdlvldon Sectfon Town9fIlP Rance Amen

.— ——

.— . .

.— . .

.— . .

—— . .

.— —.

—— . .

—— ——

—— .—

owner

eftber sfde of the c

k- --c= - -
7. Additions: smte.acncs or explmmcions -.

Item 3 - The ersct location of the well is to be determined as a rasult of
hydrolo@c teat- hvOltig H-19bl, H-19b3 and H-19b4 wells (Petit
applications aobmitted). A3.Bo.because tbia well may be located on

xrst+mat divfdhg line of aectlon 28, at iam icuzt
to SS22outtheprecise1164,1/16, or ev= tie 114 PO-U of sec~=
28 at this tlzm. However,the well is to be locatsd
of the E-19 hydropad, a survey Of *A fi anclosed.

Itcm 4 - The contact sa.lectionprocass for a WV Mexico licensed drillCC ia

ondenfsy. A well design with approdmste depths is attached.
Itam 5 - The hole w31L be CO=Pleted in the Rustler formation. Tbfs hole *

for 10u-tens mnitorinr! and testing of tbe hydrologic

characteristics of the Cslebra memberof the ~tle~ f oraatinn. Over
tbe lifetime of the testing Period of tbie well, 2-3 years. aPPr_te.lY

2’hiaveH. iatobe P~y
bydrolozic tracer tsars. (=XW eat to

~

be used :

2-3 acre feet will be uasd co llalmxLve2v.

an inl ecciom well for mdtiwall 1
~ u Y-J The data from these taats is ‘.

pt -

Note: An amended form or a ~S be sent to th~ State ~r s
p

additions to the infomsatia enclosed
are nec~

1, Harold F. Klaus Jr. ,affina rbsctbe foregoing stawmencs me ane co &e best of my baowIedge

tad bcfief md that de~elopmcnt ~ball not commence umiI sppmd of tbe petit bss bee. obtained.

U.S. Oe of Fn@rov Petmittee,

B+%
K’

fry:

Subscribed and smm to before me this Ninth dsrof A-% 19~.

Mycommission expites April 29. 1994
Noury Public
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Nwdec of &is peanit C-2425

ACTION OF STATE ENGINEEE

After =.6.. pursusnt to SC.mm. u.d k.y.uth.ricy .ested i. m., &t. .pplic.tio. is .ppro.cd pm.ided it i. mot exezci.ed
to he d.uim..c of mny orbe.s h..i. = ..istin~ ci~ht.: funbtz pto.idcd th.t .11 ml.. and r.gd.aio.. .1 tbeSat. &zi-
..er peruioii~ m tlw &ilIi*g of artesian wellsbecompIicd wirh: mad further subjccc co the following

COrlditioos:

SEE ATTACHED COND~OVM

PmofofcOMpkCiOnofwellabdlbefiledonorbc{o;e N/A ,1!).,,,

Proofof sppficmionof wstcrto beneficial use shall be filed on or before
N1A

,19

Wtmess my hnnd and .ml tit, 2.Tz day of J=nu=~,h. D., 19
95

D .T. Lopez, Acting State Engineer

f

INSTRUCTIONS

Tkis form abdl be execnwd, preferably typewirren, is triplicate and shalI be accompanied by a lifing fee of $5.Go.

Sach of triplicate copies must be pmpecly signed znd arcestd.

A separate application for pennic must be filed for each WeII usmf.

SC-, l-4-Fill out afl blanksfully md accurately.

Sec. %Irrigztion use shall be stated ;n acre feet of water per acre per aanum to be applied on the lsnd. If for

ssaaicipaf or other purposes, sute total quantity ia acre feet m be used annually.

Sec. d-Describcoaly the landsto be krkmcdatwhere water will be used. If on unsumeyed lsnds describe by

Icsaf suMitisioa “’as projected” fmm the nearest government SUI*CY comers, or describe by metes and kaunds and tie

-v m ~Me P-sacac. ==ily located nmuml object.

Sec. .7-N laods sw irrigated fmm My ether source, ezplain in this ~eetier.. f3ve any mhtr d.ts aecexsuy w .
fufly deseribe water tight sou~br.
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GroundSurfaceElevation .

+
903

758

7

CulebraDolomite
Member

783

unnamed bwer member I

Casing

-..

1“ —.—.-

b-”
.-t-:,.”

C.3 :: :-:

4.83” or 6.126” Open Hole = “” “:

~ Total Depth 803

Salado Formation

Note: Depthsinfeetapproximate
NottoScale

Me: om5Q4
Ret JBP/BholelW8S

TRI-61156-2
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CONDITIONS OF APPROVAL
.,

PERilIT NO.: .

PEP.?Il’TEE:

1.

7d.

4.

5.

6.

7.

C-2425

U.S. Department of Energy, Carlsbad Area Office

The total diversion of artesian groundwater from the Culebra
Member of the Rustler Formation under this permit will be
limited to 1.0 acre-foot per annum measured at the ~(elland a
total of 2.0 acre-feet per annum measured at the k’ellduring
the life of this permit.

.4totalizing meter of a type approved by and installed in a
manner and at a location acceptable to the State Engineer
shall be installed before the first branch of the discharge
line from the well; the State Engineer shall be advised of the
make, model, serial number. date of installation, and initial

reading of the nleter prior to appropriation of water.

The permittee shall record the meter reading in Writing on the
first day of January, April. July, and October of each year on
a form acceptable to the State Engineer and submit said

reading to the State Engineer on or before the 10th day of
January, April, July, and October of each Year.

The well shall be constructed to artesian specifications. If
any deviation from artesian specifications is required. i“t
must be approved by the State Engineer. The .%tateEngineex,
District II Office, Roswell, shall be notified a minimum of 4S
hours prior to the casing L>eing landed andlor cemented.

The State Engineer shall be advised 48 hours in advance of the
be~inning of an~- pumping tests.

Well C-2425 shall be drilled by a driller licensed in che
State of ?iew Xexico in accordance with 72-12-12 Xew ?Iexico
Statutes annotated.

This permit
testing, or

shall terminate upon
on J2iIl(JaL”}-31. 1998.

the completion of the aquifer
whichever is earlier.
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H-19b7
$oJ7;~4 _

R.,lsod6nw,#1967

IMPORTANT-READ INSTRUCTIONS ON BACK BEFORE FILLING OUT TNlff FOffkf

APPLICATION FOR PERMIT

To Appmptiatethe Underground Waters of the State of New Mexiw

D.te Ree&cd November 14, 1994 FileNo. C-2426

1. Nun. Of ●pplicutc U. S. Department of Energy, Carlsbad Area Office
Mail@ address P. O. Box 3090
Cky andSc.Ce 88221-3090

2.

3.

4.

s.

source of Watt supply A==* ~ Ioc.ted in C8rlsti Basin

(ucesiso 0~~ 0 water aquifer)
““g ? ~ , ,,~e~on ,8 ‘“~;:;de%;db’”i%~; ~“,c,Tbe well is m be located in &e_

FWge 31 E N .M.P. M., or Tram No.~ f fdq No.~f tie
onhad ommd by, U. S. Department of En&gy ‘i’’~~k~

Demtiptfoa of WCU: nuae of dINICt H-19b7. Test Wall, N.M. Licensed Driller being selected ‘<<
Outside Dimnaer d casing 7

,.
inches;Appmximstedepthm be dcill.sd 790 fceci “2

Quuckyof water to be ●ppmptimedsnd beneficially used ~a tive, 1 sefefee%

6,

(c.amunpckfeus.,diretsim)
for Hydrologic characterization cud testinp pwpses.
Acreagetobe irrigatedor plwc of use H(A pues.

Subdlvlaion Secffon TOWUC.blD R=ca Acres owner

.— —— . .
—— —— —-.

.— —— -.

~.. . -
7. Additions stitemeats or cxpiaaatiom

. .. .
7

Item 3 - The cct locstion of the well.is to be determined se a result of
H-19bl, H-19b3 snd H-19b4 wells (permit

either side of the east-west dividfng tie of section icult

to call out the precise l16fi, 1/16, or even tbe 114 portion of section
?X .* *W t-e.~aary eo
or rue 33-19 hydropsd, a survey of whfeh is enclosed.

Item 4 - The cenract selecCion process for a New M&co liccm.-
Bf.snwith appro-te depths is attsched.

Item 5 - The hole will be completed in the -Cler formstion.. Tble hole *
‘- ‘.-adfor IonE-term monitoYsndzsnd testi.nf?,of the hydrologic

acteriatics of the Culebra member of the Rustler formstion. Over
lifetime of the testing Perfod of this well, 2-3 years, approxim

undervsy. A we31 da

,,
wed driller n

the 1 ately
2-3 acre feet will be used conamsptivdy. This well is to be Prfmsrfly

an hi ection well for mnltiwell hydrologic tracer testa. (Baquest to
use tracers be~v.) Tbe data from these tssts is

Note: An -ended form or a letter -l be sent to the S~er sv

~ n an a ditions tn the information enclosed

L Harold F. Klaus Jr. , affim fiat dw feregoia~ statements ate aue w &c best of my knowledge

and bcfiefandthatde?dopmcntshall IIOCcommence until qpreTal of cbcpanic fus baa obmiocd. ,

Us. Dezl%rtment of Enerw ,Pemiuce,

BE

Subscribed and *WOIU co before me tits Ninth ‘ d,YOf November , A.o., 1994 .
.

NE:UY Public
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Nadxz ofS1s pecait C-2426

ACTION OF STATE ENQfNEEB

Aftermcice purauwnto st.tute md “by.wck.ricy .esmd i. me, this .pplic.cioa is spprowcd pm~ided it i. not exercised

m &e d.nimc.t of my ether. h..iog existing cigh~s;furchapm.id.ddmcdlrd..md tccul.tiomofLIIe.%tcE@-
necrpemsining to tlm drilling of artesian wells LX compliedwi&, Ud fuctber subjecc to cbc following

Condhiom

SEE ATTACRED CONDITIONS OF APPROVAL “

*

Proof of completion of well .hsll be filed on or before
NjA “,19_.

Pcoof of appficatfon of wcer to benelicid ase shall be filed oa or before
NIA , 19

Wlme#s my hand and seal tits ~#=- d.y of January ,*.D.,,9 95 .

D.T. Lopez, Acting State Engineer

Tbfs formshall be executed,preferablycypewitcen,in rnplicate sod shtll be accompaniedby ● fiIing feeof $5.60.
hch of uipficwecopiesmust bcpcoperly signed sad sweated.

A ●pam!e *PPficatioa for permit must be filed for e8ch weN used.

sect. l+pill 0.! all bhnka fully nd SCCUISICIY.

Sm. S-frrigmion use shall be suted ;O ●cre feet of =scerpet acre per UICIUm to be spplicdon thel-d. N fo:
municipsfor ocbcr pucpo:eq stcte total quwwicy in acre feet to be used snauslly.

Sec. kDcscribeoaly da. Isads co be irrigated or where water sill h used. If on uasumeyed Isads deatibe by

legs} subdivision “as proicctcd’) frmn the aeuest government SUI*CY comets, or descrik by metes sadba=da md tit
surveyM SOMCpecmuaent, esaiIy located amtml obiecc.

%c. 7—N lud. .,t itri~.ced from may other WIUCS, ..p:.in in this s.ctioo. Gave any other dataacccasatyco .
fully describe water ri#htaau$br.
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13iz mm’ LzNE. arc 28$ m, Rwg. Nktw., XEBY mum. mm AtEnCo.

R-S f-X

I
I
I

i

I
I
I
I
I
1
1
I
I %%
Q+ “

----- ----- ---- $$----- ----- ----
5,

I
i

I E-19
MXI?=2437.6

24S9.22’

1

f-l
!3

\ 700’ x 700”
Pm AR&4

.. -

1-

I I
—-—

5278.68” S9WOWOCV

‘“-”

. . .

. ...’.
..-.
- -.<. .’

c.

f
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Holocene Deposits ‘, ;

\

DockumGroup ~ ~
‘.

“.

Dewey Lake Red Beds ~
.
.

.7

Forty-NinerMember ~.,..

-.....

645 .. . . . . --- :
...

c
o Magenta Dolomite i=
E

Member .
. -

~ -“:
669 .,.—

!
..

Tamarisk Member ~
-.

758
Culebra Do!omite

Member
783

unnamedbwer member I

)3 Salado Formation

Now.~@K+infedqmint3t9
NottoScale

Ground Surface Elevation
3438 ft. amsl

11.75”47 lb/ft Conductor Casing

. 10.75” ReamedBorehole

7“ FiberglassWell Casing
.

.
.
.

. . ---
“.

.

.

748

—

—
—--
-

+ 4.83= or 6.125- Open Hole

— TotalDepth803

Date:01-
Rat JBP/BtIole18MS

TRI.611562
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PEP+lIT !!O. :

PER’lITTEE:

CONDITIONS OF .+PPROV.$L

C-2426

U.S. Department of Energy-,Carlsbad Area Office

1. The total diversion of artesian groundwater from the Culebra
?fember of the Rustler Formation under this permit will be

,

limited to 1.0 acre-foot per annum measured at the well and a
total of 2.0 acre-feet per annum measured at the well during
the life of this permit.

2. A totalizing meter of a type approved by and installed in a
manner and at a location acceptable to the State Engineer
shall be installed before the first branch of the discharge

line from the well; the State Engineer shall be advised of the

make, model, serial number, date of installation, and initial
reading of the meter prior to-appropriation of water.

3. The permittee shall record the meter reading ‘in writing on the
first day of January, April, July, and October” of each year on
a form acceptable to the State Engineer and submit said

reading to the State Engineer on or before the 10th day of
January, April, July, and October of each j-ear.

4. The well shall be constructed to artesian specifications. If
any deviation from artesian specifications is required. it
must be approved by the State Engineer. The State Engineeu.
District 11 Office. Roswell, shall be notified a minimum (.)f48
hours prior to the casing being landed and/or cemented.

5. The State Engineer shall be advised 4S hours in ad~-ante(~fthe
beginning of any p~ping tests.

6. Well C-2426 shall be drilled b)- a driller licensed in the
State of New Nexico in accordance with 72-12-12 Xew Yexicc
Statutes annotated.

7. This permit
testing, or

shall terminate upon the completion clfthe aquifer
on January 31, 19%3, whichever is earlier.
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(A)

\
.’

STATE t%G,:{EER OFFliX

WELL RECORD

SecUonL GENERALINFORMATION

ownerofwell U. S. Dept. of Enersr71 Car3.abadhes Office Owner’sWellNo.
H-19bl

Slme!orPostOfficeAddress P. 0- Box 3090

City and Stxe

Wdl wasdrlllcdunderPermitNo. c 2420 and u lo~ted in the:

a
28SE K SS 8 ~ % ~ fief Section—.— — Townrbip m Range 3W N.M.P.K.

b, Tract No— of MapNo. of the

c, LotNo.— Of BlockNO, Ofthe
Subdivlaion,recordedh County.

d, X= feet, Y= feet, ti.M. CrmrdinmcSwr.m zone in

the Grant.

fB) DrllllngContractor Water Development COWOratf~ L~erteeNo. m ‘o

Addren 3202 =nfxstky Avm, WO~~ ~, ~0~ 95776

03/28/95 04122/95 ~Pe ~oc~,Fti=&e core s~,ofh,lt %%rqo
DrillingBegan ComplcWd

Elevlt[on of Iand aurfaccor Alumisnrm Crap at Weu~ 3417.2 ft. TotddeptlrofW 778.7 ft.

ComploiedWC1lla z shallow m umsian. Depth to wacetupon completionof wdl -450 ft.

Section2.PRINCIPALM’ATER-BEARING5fRATA
DePth fn Feet : Thhk:::taa 1

Dmcription of Water-BmrinsFormation
EstimatedY1eld i

From : To (gclSm per rninule) !.

I I
i 628 652 “ 24 : Magenta Doloanite ~ 112

I
740.1 764.4 24.3 ] Csslebra .cslonite ~4

i

1 i
SectIon 3. RECORD OF CASING

1
I {~y:e:

Pouods TFtreadoI Dcpdr in Feet I L&: I 1
Type of Shoe I Perfomtiorw

frcrfoot iper io. ! Top ! Bottom i From I To I
I I

; 20 53
*pm; o.~ ; -j* _~8.~

—1
5.7

J4 1-2 ‘ 731-9 733-1
mixed shoe &

9-5!8 ,f%e=ti flost collar — —]

i
I .

I [ !

Section4. RECORD OF S!LDDISG ASD CEbfESTING

I DePrh In Feet
i

Hole ! Seeks
From I TO Dtamew of hlud I %%% ‘

.Mechodor Placement I
I

!

I I
o 38 , 24 in. !*5O ! From top

I I
, I I I

o 731.9 I 14.75 ~. I -794 I Ea21iburton

11
i

1

Scctlon 5. PLGGGlh’C RECORD

PluggfrrgContractor
Addtcw I

Pluggan$hfcchod
Date WellP1usgt~ I
Huesm apprOv@dby: ,

I I
Stata Erwirr:crRepresentative 13~4 ~

FOR USE OF STATE ENGIXEER ONLY
Date Roc6ived

Quad FWL — FSL_

file Pfo - lkc LotatlonNo.
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SectIon 6. LOGOF 30LE
Depth in Fcst TMcktwrc I

From To I fn Feet Color and Type cd Matc?til Encountered

#

i 1

I
I

I I

I I I
~ I
I

I I

I
I I
I I

-+

!“

I

Section 7. REMARKS ANDAdditional l>TORhf.\TfON

Formation trips shove Cnlebra picked frnm ilSG8logs.
Formstion tops in fkilebrapicked from core.
Absndoned H-19bl well, 50 feet to tbe North, provided core continnrcuslyfrom 37 feet
to 751.4 feet for lithologic refersnce for tie H-19bl - H-19b7 wells. Cored
intervsl in this well 740.82- 778.7 feet. Logs run sre gsmms, gsmms g~ density,
neutrnn snd &per.

~t umksiwmd hereby cercifieschat, to the best of hfsknowledgeand 3dI~f,tic foregolnxis z true md cormcl.recordof the ibCVe
dascribndhole. /

c.QQQ._g-JL&Q-
driller

INSTRUCTIONS Thfs focrnchoufdbe.exeatcd m Ir@jcate, prcfc”bly typewritten, and submlIredto IINappropriatedistrict OffkC
of :he Stm %incer. N] stccion$,cxccp;ScctioaS,SIUIIbeao~ered as complclcly and accurccclyca puarible when any wctl k
dri!led.repaiccdor deepened.When this form k used cc a p!uggmgword. only Sccncn I(6) and Sacrfon S need be compicted.

—. . .
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H-19b~ Well
I-, 1A GroundSurfaceElevation3417 ft. amsl

Holocene Deposits

28

DockumGroup

53?

Dewey Lake Redbeds
(siltstone, mudstone)

567
k

Forty-Niner Member
(anhydrite)

628

Magenta Dolomite
Member “

652

Tarnarisk Member
(anhydrite, mudstone)

740.1 *
Culebra Dolomite

Member
764.4*

unnamed lower member
(mudstone)

~
Saiado Formation

/
#
/
/
/
# 20-inch 53 lbfi Conductor Casing/
/ :
(
t
t .
/ .
f
/ ./ .
/.
/
( 14.75-inch Reamed Borehole
(
4
(
/
{

~nch FiberglassWell Casing/
t./ . (8.420-inch I.D.)/
0
0
/
0
/4
(#
/ .#.
4
t/ Cement Grout
/
/ :
/ ./
/ “./ :/
/ ./ .
/
#
4..
t

ottomof 9.63-inch Casing (shoe)
. .

— 736 Bottomof 14.75-inch Reamed Borehole

J’ 7.75-inch Open Hole

Total Depth 778.7

. .

Notes AUformation depths (in feet appmximste) fmm geophysical logs except as noted.
*’ Fmm ~re

Not to scale
TRk611s-20&0
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RwucaJ..* 197:

STATE ENGINEER OFFICE

WELL RECORD

%ctfon 1.GENERAL 1?4FoRMATION

(A) Owne?oCwell‘- S. Department of Energy, Carlsbad Ares Office Ow’ncfxWellNo. H-19b2
Slmd or PomOfftce Addrccs P. O. Box 3090

CityandSiatt Carlsbad, New ?texico 88221-3090

%11wasdrilledunderpermit No. C 2421 and is lo:ated in the:

a.= %_S!LK~%._SU_ HOf ScctiOn~Townahip~Range 31E “ N.M.P.fi.

b. ‘f!ac! No— of MapNo. of the

C. Lot No._ OfBlackXo. of the_
Subdiiiairm,recordedin County.

d. X= feet, Y= feet, N.M.CoordirmtcSystem 20ze in
the Grant.

(B) DrUUnSCmrrracter Wster Development Corporation Lcense NO. m ‘1°

Addreaa 3.202 Ksntncky Avemne. Woodland Hills, Ca3.ifornia 95776

Rotary, See

DriUingBegan 05110f95 Complettd 05/20/95 TYPCtocls DismOnd cOre Sizeof hol~?in.

Elevatfoaof land aurfaec’or Alrtminnm tip 3ff17.1 ft. T@gldepth of Wdid weUis— 786 ft,

Completedwell fa D akallow m erm.ciarr. Deprh to water upon completionof well -450 11,

Section2. PfUNCfPALWATER-BEARINGSf’RATA

1 DapririrrFeet I Tkiiknrxa
~ Dcacr:ptionof Water-BearirtgFmnration

Estimated Yield ~
From ! To I hr Feet (@lone perminrrle) !

I
! 628 653 ; 25 ; Hsgsnta Dolomite * 112

I
741.6 I 765 23.4 I Ctc2*ra .okmfte ~4

i
i

I

Section3. RECORDOF CAStNG
I I OcPrhin Feer
I ‘&%:; ‘ ;:%:t ;;? I Top

I Length I
Type of Shoe

PerfOrntfOns t
! Bottom (feer) ~ i From Tel’

single ! I
1 t
I 14 42

1
:sectfon! O.3 . 37 -+1.3 —~I

I
7 J “ 732.4 734.4

mixed shoe &
fi:::k.las 4 +2 ,float collar — — 1“

5-5 iPVC3.insrl — 766 780 1 20
I — . i

Section 4. RECORDOF ifCDDING ANDCEMENTING

I Depehtrt Feet Hole ~ sacks Cubic Feet ~ I
From To Diame~er of Mud of Cement Method of Placement 1

t I
o 37 18 in. ~ 35

I
prom top

I I i

Section5. PLUGGINGRECORD

PluggfrrsComrmror
AddreaC i
PluggingMethod

I CubicFeet [‘

D8teWelllh!gse~ o 1:
PlugsInsapprovedby: I 2 I I

3 I I
State EngineerRcprescnrarive 4 I

, FOR USEOF STATEENGIXEERONLY
Data Received

Quad FWL — FSL_

FUeNo Uae Location No.



SectIon 6. LOG OF !fOLE
DepthIn Feet Thlckneas!

From To I in Feet Color and Type of M~tensfEncOunt@md

, I

(

I

I ..—
i
I

I !
I
,

I

..

.,.

!

I

r.. ——.———

I 1 I

, , ,

I I I

Section7. REMARKS AND ADDITIONALJSTORM.4TSON

Formation tops picked from USGS logs +.ove tbe Culebra.
Formation top of Culebra picked frorsscore. Cored interval in this W~ 735-5 -
766.7 feet. Logs ran are gamma, neutron, caliper, aad video. The PVC Jiner
was installed on August 28, 3.995. .““.

Tht undersignedherebycessffiesthat, to the bestof hssimowledgcandbelief, rbe fcmgofngisz mm andcorrectrecordof tie above
dmcribodhole.

~& &&

Driller

INSTRUCTIONS ThSSfarm ahmtldbe cxmu!cd m trtpfic~te,prefenbly ty~twritten, and submitted to IIIeqqw.:p:iate distsfctOffiCC
oi :he StOIeEngineer. A]! ~Mlion$,WXp~sectionS,als~uIX~~e~d 35completely and accurately as po$@:when arty WCi!k
i:ilkd, repairedor decpcncd.Whenthis form is wedm~p!uWngf~cord.cnly.!%ctuxrI(d and Section S need be cmrrietcd.
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. .

H-19b2 Well
IA la Ground Surface Elevation 3417 ft. amsl

“ 28==!
II
“.

58? .

Dewey Lake Redbeds ~
(siltstone, mudstone) .

.:~
.

Forty-Niner Member :
#
:

(anhydrite) : :

.. ,
.. ,

628 .
.-+

Magenta Dolomite :..:
Member ..:

653
..-.
....-

Tamarisk Member :.q
(anhydrite, mudstone) .:

.-..
u

741.6*
CulebraDolomite

Member

unnamed lower member
(mudstone)

/ / ..
t
/
t 18-inchAugeredHole
c
/0 14-inch 42 lb/ft Steel Conductor Casing
t.
/
/
/
/
t
/ .
/ .
/ .
t
/ 12.25-inch Borehole

1
U.1

[

7-inch Fiberglass Well Ca g
.

[

CENTRON DHC - 30C
ID 6.38-inches
OD i’.O-inches
weight 5.7 lb/ft

.
...

Cement Grout

1
.....
.“

.

.;. _ 732.4 Bottomof 7-inch Casing (shoe)

— 734 Bottomof 12.25-inch Hole

l-’5.88-inch Open Hole

lbPVC Liner (766 - 786)
5.5-inch OD; 4.88-inch ID

1A
Total Depth 786 (reamed)

?
Salado Formation

Notes All formation depths (in feet approximate) from geophysical logs except es noted.
k Fmm ~re

Notto scsie’
TRW 15-207-0
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Rrnwdhim 1912

STATE ENGINEER OFFICE

WELL RECORD

(A)

Section 1. GENERALINFORMATION

Ownr,rof well ‘“ S. Department of Energy , Carlsbad Area Office Ou.ntr’sWellNo. ‘-19b3 .
Strcat or Pox OfficeAddress P. O. Box 3090

City andStatt “ Carlsbad, New Mexico 88221-3090

Well was drifledunderPermitNo. c 24222 andislo:tttd in the:

SK U~U&%Of ScctiOn.Sr? %_a.— ~Townrhip~Rangc 31E - N.M.P.hi.

b, TractNo.— of !.fapXo. ofthe

c, LotNo.— OfBlock~0, of thc—
Subdivltion,Iccordedin County.

d. X- fect,Y= fcer, K.M CoordirrateSy$tcm zone in

(B) DrUUrtgConrrwor Water Development Corporation LiinseNO. w 1210

Address ! 2202 Kentucky Avenue, Woodland Hills, California 95776

Rotary & See

DrillingBegun 04/23195 complmd 05109195 TypetOOkWi=fie co== SizeofholeD~in.

Alumimkrt Csp ntwellir 3417.2 ft, TohldepthofwtliElculiorf of land rurhce’or
785 *I

Completedwell b n drauow m nrmiorr. Oapthlo warerupon comrdetionofweU - 450 ft.

Secriort2.PRINCfP.4LWATER-BEARING STRATA

~ Drrptirin Feet ; TMckners
! Dctrnption of Warer-BearirgFormation

SatimmcdYield i
From ; To I in Fcer fgalfonrperminult)!

1 1
! 629 654~25: IIagentaDolomite d 1/2

I
740.0 s 765 I 25 I CrrlebraDolomite ~4

i

1

Section3.RECORD OF CASfNG

! fllti~~ Pounds ThreadsI Deprh in Feet ! yf;:rl I
Type of Shoe

“. Perforations ~

I
per foot per in. [ Top ! BOtrOm I lFIOXOITOl

i single ! I
I 14 42 :sectiont +0.3 . 38 ~ 38.3 I — — — i

5.7, 7 If iberelas fr 1.7 732 733.7
mixed shoe &
lost collar — — I

I ,
5-5 IPVC liner — I

I 1
t 762 782 20[—l — — i

Section 4. RECORDOF )fCDDING ND CEMENTING
I DepthInFeet Hole ! sacks “ CubicFeel j

From ‘lo Diamerer‘ !detbodofPlaoxrrcntofMud of Ccmenl .
1 I

o I 38 28- in. ! ~
d 35 From top

I ,
1

1 I
o 734 92.25 in. I

I
- 606 I 3fa21iburt0n

Ii I
Sccalon5. PLUGGINGRECORD

fwgglngConmcmr
Addt’W
PluggingMerhod
Datewell Plrrased_
Phwuw auprOwdW , 2 I I I

3 I
Smte EngirrccrRepresentative 4! I

- FOR USEOF STATEENGISEER ONLY
Date Rtcoived

Quad FWL— FSL_

FileNo, Ure LocationNo.
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—— . .. . —.— _— . . ..__ . . . ..—

Section6. LOGOF HOLE
Depth in Feet

From To I
color and Type of *!oIen~ EficOuntered

i
9
! I

I I

I

I

I
..—

i
I

I
I

0

I

i
I

I

. .

I

.

I

scctf0n7. RF3fARKSAND AODfTIONAL1>TORM.4TION

Formation tops above Culebra pisked from USGS logs. Formation top of Cnlebra
picked from core. Cored interval 73!?:3-768.3 feet. Logs r=: neutrO%
gamna, caliper, tideo. PVC liner installed August 29, 1995.,.

The undersignedhereby certifies that, to the best of hfs knowledgeand belief, the forcgofngis a rmc md cmrcctICCOZ4of theabove
dmcribodhole.

D-42



26-*I!I
H-19b3 Well
r’ 7 Ground Surface Elevation3417 ft. amsl

{ 1/../ .
t
/ 18-inchAugered Hole
/
/ / . 14-inch 42 lb/ft Steel ConductorCasing/
0: /
t
t
(
#
t
4.

VIIDockum Group .
“.

60’7

11
.

Dewey Lake Redbeds Y
(siltstone, mudstone)

568 ‘

t

I {1Forty-Niner Member ‘“

-4
(anhydrite) ~

..

629 .
.

.-

C
0

--l
Magenta Dolomite ..=

Member “
~ ..
1? 654

. .
..

& .
~

11

,
Tamarisk Member :

.

z (anhydrite,mudstone) i ~ _ 732.0 Bottomof7-inchCasing(shoe)
“.

u

740.0*
Culebra Dolomite

Member “-
765

unnamed lower member
(mudstone)

?

Salado Formation

..

D:-/..
— 734 Bottomof 12.25-inchHole

> 5.88-inch Open Hole

<PVC Liner (762 - 782)
5.5-inch OD; 4.88-inch ID

— Total Depth 785 (reamed)

Notes All formation depths (infeet approximate) from geophysical logs except as noted.
* Fmm core

Not to sc.de
l#ellE-2os4
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.
STATE ENGINEER OFFICE

“ WELL RECORD

Rrmcd Jun~ 197:

Qction 1.GENERALINFORMATION

(A) oWnCrofWeuU. S. Department of Energy, Carlsbad Area Office Owner’zWtllNo. ‘-1gb4 .
Stmctm PrI!KOffice Address P. 0- Box 3090

City and State Carlsbad, New Mexico 88221-3090

well wasdrfkd under PcnrritNo. C 2423 and islo~tedinthc:

a._&& %~%~%~H of Section,~Towtip ~~nge 31E N.M.P.K.

b. Ttacr No— of Nap No. of the

C. Lot No._ of Bird No. of the_
Subdfv5aion,recorded in County.

d. X9 feet, Y= feet, N.M CoordinateSystem 20re in
the Gnnt.

Water Dwelopment Corporation(B) DrUUngComractor LicenseNo. ‘1210

.Addreu 3202 Kentasclq Avensse, Wood2and IH.21s, Ca2iforssia 95776

DriUingBegass Q5f26”195
See

Com>lettd 06!05195 Type Locls Rsstav Sie ofholeDfi~am in.

Elevationoflandsurface”or ‘~ @ atweuis 3416 ft. Total depth of Wdi 782 ft.

CompletedweUk = shallow IX.1armsiars. Depth rowaterrspon completion of well ’450 ft.

Section2.PRINCIP.4LWATER.BEARI?IG STRATA

~ DaPth in Feet ; ‘lMcknest
~ Demriptionof Water-BearittgForrnatimr

EarimmedYield ~
Fmm ! To I in Feet fgsdlonrpcrminulc)!

I
; 628 653 125 Magenta Dolomite -112

I 738.5 ~ 761.8 23.3 I CSslebra.olomite 44
..

I

!
i

Section3.RECORDOF CASING
I
I ;&:: ‘ Pounds Tbrcads I DePth in Feet I Lengrh I I Perforations !

I
pcrfoot pwin, I Too ! Bottom (feet) 1 Type of Shoe

]Frorn! Toi

: 14
I

42
single !
;section! O . 38 38 —~I

;7
;fizksl 4

rs6xedshoe & I
+2.6 730.7 733.3 ,float collar — —1

5.5 !WC tierl ——
I

762 782~20~—1 — —1

Section 4. RECORDOF 5!LDDISG AYDCEMENTING

1 O-qsehfn Feet , Hole ~ Sacks Cubic Feel ; 1
From To Diamere: “

MeUsodof Placementof Mud of Cement
I I

o 38 18 in. ~ 35
~

From top
1 I

o 736.7 ~ 12.25 iss~
i

, s6f’f6 ! IMLL5.bssrton
!
~ ~ \

ScctIon 5. PLUGGINGRECORD

PluggingCOntraccor
Address r 1
Pluting Method

I CubicFeer. No. : ToDepth~ ‘;;ttom .

DateWellPlumed—
of Cement ;

~.1;
PlugameauprOvadby , 2

3 I I
Stats EngirwcrRcpresantativc 4

FOR USE OF STATEENGISEER ONLY
DateRtc$ived

. .

Quad FWL — FSL_

FUeNo Use Location No.

D-44



“Section6. LOG OF HOLE
Depth in Feet

\
Tfdcknuc I ..-

From To lo Feet Color EndType of JfmstdEncountered .

t 1

..

I

I . .

I

j .“-

~
I

,.

I

i“

I

I I
I I

1..

. .

I

Section7. REMARKS ANDAdditional lSTORM.4TION

Formation tops ,@ove tbe Culebra picked from USGS logs.

Foraation tops of tbe Culebra itself picked from core. Cored interval 735.5 -781.5
feet. Logssare: gamma, neutron, caliper and video. P.V.C. liner installed August 22, 1.995.

. .

Thc Undersignedhereby csrrffics tfrat, to the but of U knou’kdgc~d belIcf,cbeforegofncis a true and correctrecordof the abwm
kcsibed hale.

. GJu2f&x”QG4&-
. . Driller

INSTRUCTIONS: This form shouldbe cxc~[ed ~ IrIpUaW,p~efenblytypcwtitwn, and cubtnitted ;O me tppr.>riate distsict office

Of tit Stttc Engfncer. Al $Cc[iom, except Sccuon S, CM be ~~e~ as cmnplcIcly and iccts!at~y M pnsrt~: when any WC1lIs

dtillcd, ropahed or dccpcncd. When lhl, fom IS used ss a phsgg@fccord. only Sccuon l(a) midStctfon s needbr c>mrieted.
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H-19b4 Well
r. d Ground Surface Elevation3416 ft. amsl

1!
..

Forty-Niner Member ‘1
(anhydrite) ~ ..

628

Magenta Dolomite
Member

653

Tamarisk Member
(anhydrite,mudstone).

738.5*

Culebra Dolomite
Member

761.8*

# A. .

Holocene Deposits
t
0
{ 18-inch Augered Hole

28
/
(
t 14-inch 42 lb/ft Steel ConductorCasing

Dockum Group
/.

i

58?

Dewey LakeRedbeds
(siltstone,mudstone)

568

unnamed lower member
(mudstone)

h’5.88-inch Open Hole

r PVC Liner (762 - 782)
5.5-inch OD; 4.88-inch ID

u Total Depth 782 (reamed)

(shoe)

Salado Formation

Notes All fcmmationdepths (in feet approximate)from geophysics!logs exceptas noted.
* Fmm ~re

Not to scale
m-ells-2G9a
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Rwuti Jun. i97:

STATEENGINEEROFFICE

WELL RECORD

.%cti.n1.GENERAL INFORMATION

(A) ownerofwell‘“s” Department of Energy, Carlsbad&es Office owner’sWellNo. E-19b5 .
“SlmetorPmtOffire Addrexs P. O. Box 3090

CityandStae Csrlsbad, NM 88221-3090 i

Well was drilledunder Permit No. C 2424 and is Iosated in the:

a, SE ~ SE ~ NE u ~ %of Section .28 22s—. . Township— Rdnge 3~ N.M.P.K.

b. T?accNo._ of !.fapNo. ofthe

c. LOINo.— of BlockNo. of the
Sub5ivirion,recorded in County.

d. X= feet, Y= feet,N.M CoordinateSystem Zor%in
the Gram.

Water Development Corporation(B) OrlfllrtgContractor Ltinse No. ~ 1210

Addreu 2202 Kentucky Avenue, Woodland Hi3.Zs.California 95776
Rotary=. See

DrillingBcgut 06iU195 ‘ Completed 08127/95 TypeIOCISDiamond Core Sic ofholeDti== m—.

Elevatioaof land .rorhccor Altrrninlrnr Cm ,t ~e~~ 3417.1_ ft. Totd deptkofWdi 785”5 ft.

Completedwellfr Z’ shaffow ~ artesian. Depth to water upon completionof welf - 450 ft.

SecIiott2.PRINCfPALwATER-BEARINGSTRATA

! De.Pthin Feet ; Thiiknmt ~
Dcmriptionof Water-BcarirtsFormation

Sstinmtcd Yield j

From ; To I in FeEt , (galloruperminute) !
I I

623 649 : Z6 ; Hsgenta Dolnmite - lf2

736.7 !
t

761.2 24.5 I CrrZebraDolomite ~4

I
I I

I

section3.RECORD OF CASSNG
I Diameter 1 Pounds Thread$I Depth inFeet 1 La@ I 1

Typeof Shoe 1 Perforations
(brrhes) perfoot pcr in. I Top ! Bortom (feet) ! I From To i

!
I single I !
I 14 42 : section!+ 0.3 . 38 d 38.3 — . i

5.7
i 7 Ciberglas 4 “ 730.7 ‘732.3

mixed shoe &
+ 1.6 - float collar — —s !

5.5 i&&_
t i

, 763 783 I 20 I —— I

Section 4. RECORDOF \! CDDINGANDCEMENTING

1 Depth h Feet Hole ! sacks . Cubic Feel ~ .Mefhodof Placemnt 1
From To Dtamex.: of Mud of Cement ‘

I I!
o 38 18 in. ! z 35 ] F.OM ~qr

! I

t

o 734 I 22.25 in! 1 -606 ! HaZliburtrrn

ii I
Section 5.PLUGGING RECORD

PltrgsfnsContractor
Addttac [ I 1

Plugging Method

Dale WeUPlussed
Pluwtng approvedby:

Stats EngineerRcprmttstive m

. .

DNe RcceWed
FOR USEOFSTATEENGIXEERONLY

Quad FWL FS~
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scctmrr 6. LOG OF HOLE

Depthin Feet
!

Thkkness !
From To fnFeet

colorandTypeOf!laten~EncOuntcZcd

t I

I

I

I, . ..-
1

i

I i

I
I I I

!
I I I

I i
I

I I I
! I

.-.

. .

. ..

I

.,

s~ctfOn 7. WVARKS ANDADDm0K4L IWORMATfON

Formation tops picked fmm USGS logs above the Ctilebra. Foro=tiOn top of tbe
Culebra itself picked from core. Co~ed interval 735.5 - 785.5 feet. Logs

run: gsmma, neutron, caliper and video. Delay in coring, approximately 6
weeks, due to other srperatiorrslrequirements of the program.

...

The undersignedheraby ccrrfffcsrhat, to the bc$!OfMSiIICSWIUIgemd hcfief, she foregoing fi z WUB and correct record of the abow
dmxibod hole.

cPQ.-Q +&s&&._
Driller

INSTRUCTIONS This form almsddbe cxemted m [rlp~care, prefe~b]y typewritten, md submitted to the appropriate district offict
of :hc State Engineer. AH sections, except Section 5, shall be anrwersd as comFlc!cP/ and accrsrmlY aa possible when anYVJcfiis
drflled.ropaircdor deepened. When this form is uxd m a IY!ug$sngmc~fd. only Sccr~on 1(a) and .%crfon S need be compie!cd.
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H-19b5 Well
ri d Ground Surface Elevation3417 ft. amsl

Holocene Deposits

29

Dockum Group

58?

!Dewey Lake Redbeds ~
(siltstone, mudstone)

.
565 /
i

/
/

.:/
. /

Forty-Niner Member ::~
(anhydrite) ;‘$

/
/. .-

623 /
.
..

c0 Magenta Dolomite ~::.-
%
E

Member .
/

~ 649
... . /
..

%
/

.:Y
=
% Tamarisk Member
K (anhydrite, mudstone)

736.7*
Culebra Dolomite 7

Member
761 .2*

unnamed lower member i
(mudstone) H

?
Salado Formation

t
/ 18-inch Augered Hole
// <. 14-inch 42 lb/ft Steel ConductorCasing/
/;
/
#
//
/
/ .t.
/-
/ 12.25-inch Borehole/
/

f
/
/
/

[

Cement Grout

“.

.
..
.“

.

~ ~ 730.7 Bottomof 7-inchCasing

Ed-734 Bottomof 12.25-inch Hole

+ 5.88-inch Open Hole

~pVC tiner (763 - 783)

5.5-inch OD; 4.88-inch ID

Total Depth
Cored 785.5
Reamed 783

(shoe)

Notes All formation depths (in feet approximate) from geophysical logs except as noted.
x From ~re

Not to scale
TIW1152104
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STATEENGINEEROFFICE

WELL RECORD

Rrvued June 1912

Section1.GENERAL INFORMATION

(A) OWnt~C.r@fu-~- Depsrtient of Energy, Csrlsbad Area Office Owner’sWtllNo. E-19LY6 .
Stmai or Pelt Office Address P- O. Box 3090
Cityand Scate “ Csrlsbad, NN 88221-3090

WellwasdrfftedunderPermit No. C 2425 and islo:acedin USC:

~ SE ~ SE % NE % ~ ‘Kof.%ctiors28.—— —— _ Towssrhip22s Range 3~ N.M.P.hi.

b. Tract No. of MapKo. ofthe

C. LotNo._ Of Block )fO. of the .

Subc!ivksion, recorded in county.

d. x- fect,Y= feet,N.M.CoordinmeSystem zonein

(B) DrfUfcsSCOnt?acIOr Water Development Corporation Liinw No. ~ 1210

Address 2.202Kesstssc~Avenue, Woodland Hills, California 95776

Rotary,. See

DrilfingBegan ‘7 f10195 comp]e~td 08/25/95 Type IOCIS ~~o~ c-e Siseof hole-== in—.

EkvatforI Of landsurfaceOr Alarminum cap atwellir_ ft. TotaldepthofWdi 788.1 ft.

Completedwdltr n Shauow ❑ Ofteafarr. Depthto wateruponcompletionofwell ~ 450 ft.

Section2. PRfNCfPALWATER-BEARING STRATA

I DepthfnFax 1
%t%~ ] Dc*c~iptio”ofWattr-BtwtiF-atian

EatfnmtcdYield :
From ; To I (gsdfonaperminult) !

,
1

623 649 ; 26 ; Magenta Dolomite ~ 112

739.0 I 765 26 I Culebra I)ohmLte -4

Section3. RECORDOFCASfNG
1 Dhrraeter Pounds Tltmads ! Depcirin Feet 1 Length I 1 Perforn!iom 1

(frscbes) perfoot p= b. I T~~ ! B~tt~m (feet) I TypeofShoe
I From To I

single ! ! I
I 14 42 : section! + Q.3 i 39 @39.3 — — . :

1
5.7 an3xed shoe &

7 i fiberglss 5 4 + 1.9 730.1 -732 float collar — —

5.5 I ~:r —

I

766 786
,
I 20 i — —i

Section 4. RECORDOF !.fL~DINGA?4DCEMENTING

I %Wt tarFeet . Hole I Sacks Cubic Ftel !
From To Dramete: : MethodofPhcementoi hlud oi Cement ‘

I I
o 39 18 in. I ~ 35 ! F?xrmtop‘

!

I
o. 733 112.25 ill.1 -606 jI EaL2iLrssrtorI, Tremie Pipe ‘

I I
SectIon5. PLUGGINGRECORD

Plugsim Conrracfor

Addmk I I I

PluafiinsMethod
DateWeUPhsMtd
Plst@Isapprovedby:

$tah EngineerRcprc$entatkc -

FOR USEOF STATEENGINEER0NL%
DMeRtctived “

Quid FWL— FSL_ o

FUeNo use Location No.

D-50



Scctton6. LOG OF HOLE

Depth In Feet

From
Color and TypeofMsIcndEncountcrcd

:

I

. .

I

I I I

., Section 7. REMARKS AND ADDfTIOKAL IWORM.4TION

Formation tops sbwe tbe Colebra picked frm USGS logs. Formation top of the
Culebra itself picked fmm core. Cored interval 736.5 - 788.1 feet. Logs ran:
gamma, neutron, caliper and video. Delay in coring, approximately 3 weeks, due
to operational requirements of tbe program.

..

?hc undersignedhereby certifies that, to the bestof M ifiowledge ad bcficf, tic forcgoh~k xmm and correct record of the abm-e
daicrlbrndhole.

~k

Driller

INSTRUCTIONS7hfsformshouldbe c.w.c~[cdm IrIptiCMC, prcfenb]y:y?:written,snd $ubmittedIO [heAppropriate district office

Of the State Engjnecr, A]] $cction$, t~~tpt Scc;jon 5, shall be ~~e,ed as complclcly and accursrtly as p~ib]e when any weli Is
drtfkd. rapdrcd or deepened. Wire” this rom is USCIIas o p!uggjng ~CO~, ~n)y section 1 (a) Ind .SCCIicm S need & cmn~ieied.

. .
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H-19b6 Well

F
12.25-inch Borehole

7-inch Fiberglass Well Cas~
.

[

CENTRON DHC -300
ID 6.38-inches
OD 7.O-inches
weight 5.7 lb/ft _

Ground Surface Elevation3417 ft. amsl

28
18-inchAugered Hole

14-inch 42 lb/ft Steel ConductorCasing

63?

(siltstone,mudstone)

566

623

c
o

=

F

i 649
&=

z

739.0*
Culebra Dolomite

Member
765 i’

/8
unnamed lower member /

/
(mudstone) /

ti u Total Depth
y
? ? Cored 788.1

Salado Formation Reamed 785

4

t .

/

~ .
t .
t
..
.

/
/ Cement Grout
4
0
# .
# “.

730.1 Bottomof7-inchCasing (shoe)

— 733 Bottomof 12.25-inch Hole “

P 5.88-inch Open Hole

i-

PVC Liner (766 - 786)
5.5-inch OD; 4.88-inch ID

Note= Afl foti”on depths (in feet approximate) from geophysical logs except as noted.
x From are

Not to scale

D-52
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STATE ENGINEER OFFICE

WELL RECORD

RrvmcIJJun! 1971

.%ction1.GENERAL INFORMATION

(A) ~wntrofwellU.S. Department of Energy, Csrlsbad Area Office Owner”sWtllNo. ‘-19b7 .
SIcmtOKPOICOffiaeAddrexs P. O. Box 3090

CityandState Carlsbad, NM 88221-3090

Well wasdrflledunderPermitNo. C 2426 andis lo:acedin the: . .

a,sE’~ SE K ~ K ~ fiorscction~ Townrhip 22s Raogt 3= N.M.P.hi.—— ——

b. Tfac! No.— of MapNo. of the

C. Lot No,_ of BlockNo. of the—
Strbdivirion,recordedin_ County.

d,x= feet,Y= feet,~.?dCoordinateSYstem zonein

the Grant.

Water Development Corporation(B) DrlUhtgCorrtrmtor Liccn$eNo. ~ 1210

Addles
2202 Kentucti Avenue, Woodlsnd Ei12s, California 95776

Rotsry See

DrillingBegun 07/26/95 Compleltd 08/20/95 Type100]9“ Diamond Core S~eQfholeDiagrq,

Elevstloaofland surface or A2Umhmr cap ~iWeui, 3417.2 ft. TOtfld~th Ofkptli 785 ft.

CompletedwellIs C2 shallow z mwsian. Deptirowater uponcompletionofwell’450 fL

Section2.PRINCfPAL\l’ATER-BEARINGSIRATA

! D@ninFeet j ‘fMckntar
~ Dewription of Warcr-BeeringFormation

E&amtdYicld ~

From ! To I in Feet Wfonspermi..le) I
1 I I

627 652 ; 25 ~ Magsxats Dolomite - 112 ,

739.5 ! 764 24.5 lCuZebra Dobroi.e -4

I i

I I
Section3.RECORDOFCASING

I DiarctUer Pounds lttrcads I Dcptit in Feet I Length I 1
TypeofShoe I Perforations

(Inches) perfoot per in, I Top ! Bottom [ieet) I I From I To I
I

i I !
I 14 42 -,~=~%n 1 + -1 , 38 ~38.1 — .

i

i 7 i 5.7 4 + .8 731.0
mixed shoe &

-731.8 float collar — —I

,.51Z%&. 764784j 20 —

I
i

i —— I

Section4. RECORDOFJ!CDDXGAXDCEME?JTI?JG

) Depth {nFecI . Hole I Szcks CubicFeel t
From TO Dlamele:“

?dcthodofPIICCXWJM
ofMud of Ccmem .

t If
o 38 18 in. I ~ 35 I From top

1 I
o 734 p2.25in.! 1 -606 ! Eslliburton

I I I

Secrlon 5. PLUGGING RECORD

PluggfnsContractor
Addmt i I i

PlusaintMethod
Dale Well Plussed
PIUgStnS cgprOvcd by:

State EngineerReprcxntatfvc -

FORUSE OF STATE ENGINEER ONLY
Date Racsived “ -

Quad FWL — FSL_

Fik NO use LocationNo.

D-53
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Section 6, LOG OF~.

Depth in Feet
\

Thickness !
From Te fn Feet Color and Type of !datend Encountered

I

I I I

I I
I

. ..-
1 I

I i

I I 1

1 I

I

Section 7. REMARKS AND ADD fTIOKAL l>TORhL%TfON

Forotationtops above the Culebra picked from USGS logs. Formation top in
Crilebra5tself piecked from core. .Cored intervals 678.6 - 735.3 feet,
736-783 feet. Logs run: gamma, neutron, caliper and video.

. .

. .

The undersigned hereby certifies rhat, to the bat of hk knnwledtc ~d.behef, the fomgoi”g is a true and correct record of the abo\V

described hole.

- Q J/&.
Driller

INSTRUCTIONS This form shouldbe cy.e~icd ,n tr@jcat,, p~ef=~bly ~yp:,vritten.andsub~it[cd tOtie appropriatedistrict Office
Of .Ae State Engfneer. AI1 se~tion$, ~X~ePt s~etiOn 5, ~hall be ~n~emd ~s COmplcIcly and acartcely u pouib]e when any well k

drilled,repairedor deepened.When ttis fom is u,cd as a rArg@ng ~cord. only Scchorr l(a) and Scctio” S “ecd kmcompimcd.
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H-19b7 Well

Holocene Deposits

28

Dockum Group

60?

Dewey Lake Redbeds
(siltstone,mudstone)

567

Forty-Niner Membe

627

c
o

=

~

@ 652
&=UJ
z

7 Ground Surface Elevation3417 ft. amsl
//

t
/ .~. 18-inch Augered Hole
/
/
/ 14-inch 42 Ib/ftSteel ConductorCasing

739.5*

Culebra Dolomite
Member

764
1Iunnamed lower member

(mudstone)

?
Salado Formation

P5.88-inch Open Hole

PVC Liner (764 - 784)
5.5-inch OD; 4.88-inch IDIL14 Total Depth 785 (reamed)

Notes: All formationdepths(infeet approximate)from geophysicallogs exceptas noted.
* FromWre

Not to scale
TR1.ells212-O
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w ,,, &. #--- k. . .. ---- . . . . . . .

CEMENT JOEI DETAIL SHEET

I I I I I I
q ‘;0Available MixWater” 8bl. Available Displ. Fluid “ ~ J BbL ifTOTAL .:( ~ )/y

HOLE I TBG-CSG-D.P. TEG-CSG-D.P. CoL~R DEPTHS

SIZE % Exc:ss c)~prd Slzs VIGi. lYPE o~?n’1 SIzs WGT. IY?z I OE?TH .!340; I ;LoAT

,/
STAG;

,J~ q-.> e- c- ? <~ :’
.,J: 7’”2

LAST CASING PKR-CoMT RET-BR PL-LINER PERF. DEPTH TOP CONN I WELL FLUID
SIzz wGT ~pg I o~p~ 9aANo 8 TY?z OE?iH TO? ST!.4 SIZE rAasAo I lYPE WGT.

I I I ..
CAL DISPL VOL-Bbl. CAL PSI CAL. MAX PSI OP. MAX [ MAX T9G PSI MAX CSG PSI I DISPL FLUID WATER

i?, G. CSG. I CSG. TOTAL ZIU!.!P PLUG To .wJ so. Psl RAEO I 0?. a~~zo I o?. n?s wGT. S~URCG

I I::,:.:..:.::.:::.::::::::<::~;;.:::..:.:.,:.:.<;,ij:;;w...:::.y:,.:...:.:..,,.
:~EXPUWA~@Nt!~~~iii~S~~&;%giflf~i~f$S&~f~ff#$&:?&??~~ifiti~-&S2$*@gX2i:3i&w:wX~3i`E;;;LX::`J;~~

... .... . .... ..... ‘“‘,.$$+ ..:.:.“:+.x$
.. . ......$ ..........,<..,.+....................<.......~............................................................... . ...............%................:..,.::::.,.:,,,:........... ,,.:.:..:....... ,,,.,,.::~,,,;,.,;..:..+,:. : . .. ., ..., ..,.....................:.:.,.,.,,........... .,.,.............. ......;,:.:....::,...y:.:.:.:.:.:.:.:.:...:.:.:.:.* ................):.:.:.............+..>.+y.~.::,:,..:,:::::..::::q.j:::::<.:.:,.:,,x>:..:.:+:+,..,,,... .......

, .......... ... ...............+.v.y,<Y,+y.:::::.::.::::x::.:,:.:,::.f$f.<:.::.::,:.::.:.:+..... ..*.>$,:.::.,.:.:.,.,.,.,.,.,.,.,.,.,,,,../...................................,..., .........’.......... ....7.,.,.+.:,,.:.::.:,:.:: ...............<+.+.*...::.:...:~,::.,,:....... .,.,.<.,,.., ..............,,,,........ ....... . ................. . .. . .................................... ........ .-.... . . ........’.......+.:...:.:..:+..:,>W.::1. ..... ... ...... . .,, ....................;.X,:,,.,,... ........ .. .../,,,,... ,.................. .... .,<,.,...:.:.,:.,...,.,,..,,.,,.,,,:,,... .
...... ........ .

....... .,.,......>..:.>.,.::>,i;.:,,;. ,,..... ..................... ..;::: ~,.:.?:,f,x.:~>>fi‘. ,:;,:,’,y’’”w. ...........’...... ............ .... . .. ............. .........;::::.:,:*.,.::,.,..:....:.:... ......................... .... .. . .. . . ....\. .......... ........... ....... . .. ....... .. .., ...’......... ,.,,.......... .... ........... .......,.:....................... ..X........ ......:..:..:....... ... /.,.. ............... .. y..:.,.,............ .. , ,... ...:+.Z,:..:.,,.:,.Y,.,....... ...... .. ......... . ........ . .... ...... ......
..................,.::.:.,.:,:,:,,..,::,::.......>...... ... ,. ........ .... .... ...........,,.,. , ,, ,,,,,.,,,,* ,J, /, .....................>..:.:.::..::::*,,...>.:>>:.,::::.fi,..::,..<,..:>,:::.::::.::~:::::;..:s:.::...x..:::>>.:.:::.:::,-::.>.::::~..,.:>:,..>.<..$x.:.,.+>.,,.. ,. ,,..,.;,:;:..,...........:.:.,.7+:.>:.:.:,......7.........::.,:...:.:<.>>..,,..:.............:,::.:.<.:.:::\.:y,,:::...y,\;,,,:~::<.:<:::><:\Y:\Y:,...:::,:*,,::.::.:.,<.... .. . ‘....’.~...............&........&... .............................+........... ..............
,;;:”’~:~j+fiWi.’YjZ;tY;Zy&~:~:ER ES.SU.R.~~.~TE@E?AIW;::.!~y~;&;&Ii;:ZE3Z$3:=S:%-3’=:,,...........................................,.... EXEUNATION;s~$!SX’:l::!$si;S~&;X~X;i.. . ..... ...... .............. . . ..... . ..

I IME PRESSURE-PSI RATE
.... >..:.... ....... ...........>.>.,x...>........>......

13bl.FLUIO FLUID SAFETY MEETING: WPS CREW n CO. R5P O

HR: MIN. PIPE ANNULUS BPM PUMPED TYPE TEST LINES Psl

/ d~v O CIRCUITING WELL-RIG D WPS O

/;. ::, < /To < ‘i- LO ~> 1/” !<.>.: p- ., - gi - .

!4. ,. 7 /7.4 <i 42..’.. ,. .@ ‘ .<, : //j~rt-[ L.SR.

I f.o+ I 7(J 3 ., .? ,/ 4.<.

J!. To > ~,., 5 /4/, r f~.1) J,{.

j /, t! (.8 .: so 7 /?/: f -//.. / /...4-

1( , Jq J <9 -+ ;. 5 ././. ( S.f ..2 .L-..& .-F .L. . fc- . L.s

!.{. << ~.>o
~./ . --

n. -ct2/dcc

-. ,
.%. /

1720 2 <(.> >7?: . .s r,>? ,2/!) < .&...b-
! .

. .

] j )::.+

/;/’ {Ufj .. . -G.

,7.* /- ,.t-2--- /.--- .’

1
>8 f ., , ~ ~-f

~. .=

I I
1’

I



w’
Uu

114 L.* LU8L ‘,, .--,..,-. . .

CEfvlE/4T JOB DETAILSHEET

I
i “L”.. &n”!

w’ W?s ‘K N - FLUI

I ! I

Available Mix Water /~ O SbL _Available Dkpl. Fluid ~- =~ SbL TOTAL 1//3 I J%

HOLE TS@CS.G-D.P. TSG-CSG-D.P. COLLAR DEPTHS
~!zg I y, gxcgss ~;?ll-1 SE WG7. ~ag Cs?n+ SIZ5 wGT. n?= o:p~ SHOG FLOAT STAG?

j-] ?: /23 /

/w,, 7- -

~
~p ..c*#&

. ,7..& &-

LAST CASING PKR-CMT RET-SR PL-LINER PERF. DEPTH I TOP CONN I WELL FLUID
Sqg wGT fj~a~ 3aANo &W?s 13:?~H TO.? 9Th{ .s12s Tl=Em TVPE wGT.

I I
CAL DLSPL VOL.-BbL I CAL PSI CAL.MAX.PSOP. MAX I MAX TBG PSI MAX CSG PSI fJISPL FLUID WATEF

;:~. I CSG. I CSG. TOTAL NM? PLUG TO G3J so. ?s1 RATEO o?. aATGo i OP. IY?s WGT. SOURC

-jq fi” IJ$3 /5::>s
/44&/q. /j . 7//+

/ ..................................7..,.....:.:.*:.:..:.:.,, ,,,,.~..:.,,.,...#.,,......~,,:,.,.,,.,..,.,,., .,,....../</%?.$.... . ..... ...+.....+:+>.>..+:-.....................y*.....v.*...7j.::.:wiw<?..:::::Y,~s::.::"::.v<k``:$::.:::+:.:.:.":::::+>*:w$=$=ws+=:: :.’”..::Y_:.Y............................ .....>:.:,,:.i.:.:.,:,:,x<.:...:>..>.,.,.,,.........
~z?’”’’:;?~~~”’”’’’”””” ““~”“’”””

. ... . ..... ....

it f?tiIi/A.F@!k;T~oos~M ~.[.~!G~@ ~j~~~~[.~@c.S@j~>~,Qj$~~[.~~.:~~~.EME,~,~J~t~:>:.:::::~fi.f..............
..............:,..,:.:,,............y,.,.,.{..................~:y,jz,<:..;;...-.3.,:.>.,...........+>.,.,.:.....,.,...,./:,,.,;,,:.y,,.x...,,...,,,..,;

~.:.:.x.::v,::i::y~.;:$:::::F<v:.::<::>::::..:.:...~.::,:,:.:.:.:.:.:{..............
......................:,,., ...

,......................;.>,..&..:...::,.,.,............y+... .........................................................,.,..,.:.:,:,:,...,,,.....:..,.......................... .......... ...................+......%.......................... ...........;,.,,,,,,...,.,............,,.....................%..:.:.:...,.....................................................................................\.,.,,,.,,.,,.,,,.,,,,.,.>:.::r.:::,.,:,:;;;:;;,:,:.:.:.....,,:.:,:.:..,...........................~ ...
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ABSTRACT
On 20 Jul ., 1994, Pecos Archeological Consultants undertook an
archeological inventory of a drill location scheduled to be impacted by.
Sandia Labs, Inc. The project will be situated on public lands in Eddy
County, New Mexico. These lands occur in section 28; T22S, R31E Eddy
Co., N.M. 11.25 acres of D.O.E. lands were accomplished in 4 man-hours,
including report preparation, by Robert J. Martin. No cultural remains
were recorded as a result of field activities. Pecos Archeological
Consultants are recommending clearance for this project, as it is
planned.
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INTRODUCTION

On 17 JUIY, 1994~ P=OS Archeological consultants was requested by MY.

Wayne Stensruds representing representing Sandia Labs, Inc., to perform

the archeological survey for a drill location scheduled to be

constructed in Eddy county, New Mexico. This land is administered by

the Department of Energy and it will be impacted by construction of the

location Pad. Consequently, federal law requires that.an intensive

archeological inventory be performed to identify what cultural resources

might be impacted by such construction Prior to wanting clearance to

the project. Therefore, Pecos Archeological Consultants undertook this

survey on 20 July, 1994. Fieldwork for this ’project was performed by

Robert J Martin. The following is a report of the field activities and

findings resulting from the survey:

!

SURVEY METHODOLOGY”

pecos Archeological Consultants conducted the survey by physically

examining the entire impact zone. Pedestrian inspection along parallel

transects was accomplished for the 700 X 700 ft. well pad. These

transects were spaced 15 meters wart; however, established transects

were departed from to examine nearby areas of high site probability.

All prominent deflations and denuded areas were given special attention.

Surface visiblity in the region, which, due to floral cover, ranged

between 25-55% Of the ground under dry Soil Conditions, made this the

most practical methodology for effectively sampling the impact zone

which will result from this project as planned.
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LOCATIONAL lMTA

, Sandia’s drill location, designated as H-19, will measure 700 X 700
~t, or an area of 11.25 acres. The well will be situated 1473.1 ft from
the south Line and 2459.22 from the from the West Line, or in the:
NW1/4 SE1/4, section 28, T22S, R31E, NMPM, Eddy co., N.M.
swl/4 SE1/4, section 28, T22S, R31E, NMPM, Eddy CO., N.M.
SE1/4 SW1/4, section 28, T22S, R31E, NMPM, Eddy Co., N.M.
NE1/4 SW1/4, section 28, T22S, R31E, NMPM, Eddy CO., N.M.

Map Reference: USGS Los Medanos Quadrangle, 7.5 Minute Series, 1985.
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his project

the vicinity

ENVIRONMENT

will be will be situated on the undulating to rolling plain in

of the Los Medanos region of southeast New Mexico. Character

for the topography is provided in the form of stabilized sand dunes and

duned ridges (microrelief, 0.10m-3.5m) and their attendant deflation

basins. Local soils in the region consist loamy sands of the Pyote-

Maljamar-Kermit Or Kermit -Berino soil associations, or d~ep sands over

ndurated caliche or bed caliche. These soils are drained by primarily

internal means> except for rills and arroyos, which in some areas are

subject to sheetwash. Occasional cherty inclusions can be seen; these

result from the weathering of the Mescalero pediment and were deposited

from the Ogallalan formation. Some of the lithic material is suitable for

chipped stone tool manufacture. Santa Rosa Formation sandstone is

occasionally visible in the deeper arroyo cuts away from the project area,

~nd the material was an aboriginal raw material source for grinding tools.

Elevation in the project area is approximately 3410 ft ft above sea level.

The plant community in the project area includes shin oak (Quercus

havard ii), (mesquite (Prosopis .iuliflora); broom snakeweed (Gutierrezia

Sarothrae), and various grasses. Some of the common faunal types in area

we mule deer (Odocoileus heminonus), pronghorn antelope (fintilocapra

Americana), jackrabbit (Lews SP.), cottontail rabbit (Silvilagus sp.),

coyote (Canis latrans), as well as other small mammals, birds and reptiles.
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ARCHEOLOGICAL ‘RESQURC~
e-cos Archeological consultants Performed a literature search to determine

“ ~f any archeological sites had already been recorded in the vicinity of the
project area. Current BLM files and the National Register of Historic
places were consulted in this endeavor
previously-recorded sites are within a
area.

Observed Archeological Manifestations:

. It was determined that no
reasonable distance of the project

NO archeological remains were recorded as a result of fieldwork for the

‘reject.
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RECOMMENDATIONS

me to the absence of cultural resources in the project area, Pecos

Archeological Consultants are recommending clearance for this project, as

planned. This recommendation is based on a surface inspection of the

proposed impact zone; should additional, subsurface remains be present in

the project areas, they would not be detected without extensive t&t

excavation. Of course, final clearance for this project must be granted by

che appropriate government agency.

\
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Geophysical logs for the drillholes on we H-19 hydropad were run by the U.S. Geological
Survey, Water Resources Division, Albuquerque, New Mexico. In this appendix, the logs are
incorporated by reference. The geophysical logs are stored in the Sandia National Laboratories

WIPP Central Files under WPO#40460.

NOTE: All depths measured in ft below ground level.

Drillhole H-19b0

Type of Log Date Depth Driller Bottom of Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 04-09-1995 735.5 736 32–736

Natural Gamma 04-23-1995 778.7 779 660-779
(Deepened)

Garnrna-Gamma 04-23-1995 778.7 779 660-779
(Deepened)

Neutron 04-09-1995 735.5 736 32–736

Neutron 04-23-1995 778.7 779 660-779
(Deepened)

Caliper 04-09-1995 735.5 736 20=736

Caliper 04-09-1995 778.7 736 670-779
(Deepened)

Drillhole H-19bl

Type of Log Date Depth Driller Bottom of Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 03-07-1995 732.6 731.6 10=731.6
Gamma-Gamma 03-07-1995 732.6 731.6 10-731.6

Neutron 03-07-1995 732.6 731.6 10-731.6

Drillhole H-19b2

Type of Log Date Depth Driller Bottom of Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 09-06-1995 785.4 778.0 10-778.0

Neutron 09-06-1995 785.4 778.0 10-778.0

Caliper 09-06-1995 785.4 778.0 600-778.0
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Drillhole H-19b3

Type of Log Date Depth DriUer Bottom of Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 09-05-1995 784.9 783.0 10-783.0
Neutron 09-05-1995 784.9 783.0 10-783.0

Caliper 09-05-1995 784.9 783.0 600-783.0

Drillhole H-19b4

Type of Log Date Depth Driller Bottom of “ Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 09-06-1995 781.5 776.0 10-776.0

Neutron 09-06-1995 781.5 776.0 10-776.0

Caliper 09-06-1995 781.5 776.0 600-776.0

Drillhole H-19b5

Type of Log Date Depth Driller Bottom of Logged Interval
(ft) Logged IntervaI (ft)

(ft)
Natural Gamma 09-06-1995 785.5 785.0 10-785.0

Neutron 09-06-1995 785.5 785.0 10-785.0

Caliper 09-06-1995 785.5 785.0 600-785.0

Drillhole H-19b6

Type of Log Date Depth Driller Bottom of Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 09-05-1995 788.1 786.0 10-786.0

Neutron 09-05-1995 788.1 786.0 10-786.0

Caliper 09-05-1995 78$1 786.0 600-786.0

Drillhole H-19b7

Type of Log Date Depth Driller Bottom of Logged Interval
(ft) Logged Interval (ft)

(ft)
Natural Gamma 09-06-1995 785.0 776.0 10-776.0

Neutron 09-06-1995 785.0 776.0 10=776.0

Caliper 09-06-1995 785.0 776.0 600-776.0
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WIPP
UC721 - DISTRIBUTIONLIST

SAND98-0071

FederalAgencies

USDepartmentofEnergy(4)
(Mke of CivilianRadioactiveWasteMgmt.
Attn: Deputy Director, RW-2

Acting Director, RW-10
Oftiee of Human Resourees & Admin.

Director, RW-30
0f33ce of Program Mgmt. & Integ.

Direetor, RW-40
Office of Waste AccepL, Stor., & Tran.

Forrestal Building
Washington DC 20585

Yucca Mountain Site Characterization Office
Director, RW-3
Office of Quality Assurance

Attn:ProjectDirector
P. O. Box 30307
North Las Vegas, NV 89036-0307

Yucca Mountain Site Characterization Office
Attn: L. E. Shephard
P.O. Box 30307
MS 523
North Las Vegas, NV 89036-0307

US Department of Energy
Research & Waste Management Division
Attn: Director
P.O. Box E
Oak Ridge, TN 37831

US Department of Energy (5)
Carlsbad Area Office
Attn: G. T. Basabilvazo

D. Galbraith
M. McFadden
R Lark
J. A. Mewhinney

P.O. Box 3090

Carlsba~ NM 88221-3090

US Department of Energy
Office of Environmental Restoration and

Waste Management
Attn: M. Frei, EM-30
ForrestalBuilding
Washington DC 20585-0002

US Department of Energy (3)
Oflke ofEnvironmentalRestorationand

WasteManagement
Attrc J. Juri, EM-34, TrevionII
Washingto~ DC 20585-0002

US Department of Energy
Office of Environmental Restoration and

Waste Management
Attm S. Schneider, EM-342, Trevion II
Washingto~ DC 20585-0002

USDepartment of Energy (2)
CMiee of Environment Safety&Health
Attn: C. Borgstro~ EH-25

R Pelletier,EH-231
Washington DC 20585

US Department of Energy (2)
Idaho ope121tiOIlS~ce

Fuel Processing & Waste Mgmt.. Division
785 DOE Place
kbhO Fak> ID 83402

US Environmental Protection Ageney (2)
Radiation ProtectionPrograms .
Attn: M. Oge
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